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Abstract

This paper documents events in the Nevada Nuclear Waste Storage Investigations (NNWSI)
Project that have influenced the selection of metals and alloys proposed for fabrication of waste pack-
age containers for permanent disposal of high-level nuclear waste in a repository at Yucca Mountain,
Nevada. The time period from 1981 to 1988 is covered in this annotated history. The history traces
the candidate materials that have been considered at different stages of site characterization plan-
ning activities. At present, six candidate materials are considered and deecribed in the 1988 Consul-
tation Draft of the NNWSI Site Characterization Plan (SCP). The six materials are grouped into two
alloy families, copper-base materials and iron to nickel-base materials with an austenitic structure.
The three austenitic candidates resulted from a 1983 survey of a longer list of candidate materials;
the other three candidates resulted from a special request from DOE in 1984 to evaluate copper and
copper-base alloys.



1.0 INTRODUCTION

The purpose of this paper is to document the history of the part of the Metal Barrier Selection and
Testing Task that concerns selection of candidate materials for the waste package container. This paper
covers events in the time period 1981-88. Monthly status reports, letters, memos, formal reports or
other documentation exist; as appropriate, these are discussed and cited. Many of the relevant pieces
of internal correspondence that did not receive general Project-wide distribution are attached to this
paper.

The waste package container is part of a system of multiple engineered and natural barriers bar-
riers that are being designed and used for geologic disposal of high-level nuclear waste. The Depart-
ment of Energy’s Office of Civilian Radioactive Waste Management (OCRWM) is engaged in the develop-
ment of a geological repository for the disposal of U.S. high-level nuclear waste, as directed by the
Nuclear Waste Policy Act of 1982. The Nevada Nuclear Waste Storage Investigations (NNWSI) Project
is evaluating a site located in tuff rock at Yucca Mountain in southern Nevada. Lawrence-Livermore
National Laboratory (LLNL) has the responsibility for design, testing, and performance analysis of
waste packages for this site.

Various Federal regulations, established by the Nuclear Regulatory Commission (NRC) and the En-
vironmental Protection Agency (EPA), set limits on the release of radionuclides from the repository.
NRC regulation 10CFR60 specifies that containment of radionuclides will be substantially complete for
a period of time yet to be determined, with a minimum period of 300 years and a maximum period of
1000 years after repository closure. Following this containment period, the regulation limits the release
rate of any radionuclide from the engineered barrier system to one part in 100,000 per year of the in-
ventory of that radionuclide present at 1000 years. EPA regulation 40CFR191 sets limits for the cumula-
tive releases of specific radionuclides to the accessible environment over a period of 10,000 years after
disposal. NRC regulation 10CFR60 also specifies that the waste must be retrievable for a period of 50
years after emplacement. The waste package container therefore plays an important role in the han-
dling and retrieval capability of the waste, as well as waste containment and later, release rate limita-
tion.



1.1 Present Candidate Container
Materials

The Metal Barrier Selection and Testing
Task is currently evaluating six container can-
didate materials. These container materials are
generally grouped into two "alloy families".
These "families” are (A) the iron-base to nickel-
base austenitic alloys and (B) the copper-base
materials. The NNWSI Project has been evaluat-
ing and testing materials in the austenitic group
since 1982, while the evaluation of the copper-
base materials dates from 1984. There are
presently three "austenitic candidates”:

(1) AISI 304L stainless steel (UNS S30403);
(2) AISI 316L stainless steel (UNS S31603);
(3) nickel-base alloy 825 (UNS N08825).

The current list of three copper-base candidate
materials consists of:

(1) CDA 102, oxygen-free copper (UNS C10200);

(2) CDA 613, 7% aluminum bronze (UNS
C61300);

(3) CDA 716, 70/30 copper-nickel (UNS
C71500).

Recently, the NNWSI Project has also considered
deoxidized coppers, specifically phosphorus
deoxidized copper (CDA 122, UNS C12200), as a
"variant” of the high purity copper, since there
are some important welding concerns with the
oxygen-free grade. For reference purposes, a list-
ing of the compositions of the candidate materials
is given in Attachment A

1.2 Status and Documentation

Documents recently completed (1987-88) by
the Metal Barrier Selection and Testing Task are
the Scientific Investigation Plan (SIP) [ref 1] and
parts of the Consultation Draft of the Site

Characterization Plan (SCP) [ref 2], specifically
Sections 7.4.2 and 8.3.5.9. These documents
describe the recent status of the work and outline
plans for future work up through the License Ap-
plication Design (LAD) phase. The NNWSI
Project has currently progressed to a stage of
development between the Conceptual Design and
the Advanced Conceptual Design (ACD) phases.
A brief summary of the status and plans is given
in Section 4.0 of this paper.

1.3 Waste Package Container
Terminology

There has occasionally been some ambiguity
on the terminology for the waste package metal
barrier. Metal barriers have been variously
called containers, canisters, and overpacks. Dif-
ferent projects (USA and foreign) have used the
words in different senses. This has been reflected
in the words used in the early reports (1981-84);
since about 1985, the terminology used in the
NNWSI Project has conformed to NRC usage.

The word "container” applies to the metal

. barrier that is designed to serve as one of the en-

gineered barriers. The word "canister” refers to
the inner metal vessel in the reprocessed waste
form (borosilicate glass) packages. This vessel is
the recipient for the molten glass. For this
reason, we like to emphasize its purpose by call-
ing it the "pour canister”. The pour canister is not
regarded as an engineered barrier, although it is
certainly a component of the waste package. The
word "overpack” has traditionally been used for
the outer metal vessel surrounding a pour
canister. In the present usage, we prefer the
word "container” for this outer metal vessel. This
outer vessel is considered one of the engineered
barriers. To emphasize its purpose, we oc-
casionally refer to the outer vessel as the "dis-
posal container”.

2.0 CONCEPTUAL DESIGNS OF THE WASTE PACKAGE

Discussion of conceptual designs of the waste
package invokes discussion of the materials for
fabrication of the waste package container. Dif-
ferent conceptual designs have been studied over
recent years, and these different designs have in-
fluenced different container material considera-
tions,

Work at LLNL on design of the waste pack-
age for a potential repository site in Nevada
began in 1981. At that time, there was a "generic

program”" on waste package materials and
designs that was being co-ordinated through Bat-
telle Columbus’ Office of Nuclear Waste [solation
(ONWI). ONWI, in turn, sub-contracted much of
the design work to Westinghouse Advanced Ener-
gy Systems Division (AESD). While the ONWI
work was supposed to be generic for a number of
possible repository sites, host geological forma-
tions, and resulting geochemical environments,
the ONWI work was in actuality almost entirely



devoted to studies of waste package materials
and designs for salt domes and beds (multiple
sites in several states were under consideration).
Thus, the "starting point" for our work was a
waste package design that closely resembled the
one being proposed for waste disposal in salt. The
Basalt Waste Isolation Project (BWIP) was from
the beginning an "integrated” project with only
one major contractor participant; BWIP was in-
dependently developing designs based on a
repository location below the water table at sites
on the Hanford Reservation in the state of
Washington.

Design work within the NNWSI Project (in-
cluding work on container materials and their
projected performance in the tuff rock host en-
vironment) started later than comparable work
for salt and basalt. Much of the early work on
materials in the NNWSI Project in the 1981-83
period followed the examples of the basalt and
salt projects.

2.1 Repository Horizons

At about this same time, the location for a
repository site in Nevada was being narrowed to
Yucca Mountain, but different horizons for the
repository were under consideration. The can-
didate horizons were located both above the water
table, in what is called the unsaturated zone, and
below the static water table, in what is called the
saturated zone, at this site. The choice of horizon
had many implications for the design of the waste
package and ultimately on the materials to be
considered for the waste package container.

Geologic repository investigations in the
USA had previously been confined to sites and
horizons where the repository might either even-
tually be inundated by water or would be located
in a material, such as salt, subject to creep. Not
only did this cause resistance to aqueous cor-
rosion to be among the most important material
properties for the container, but the waste pack-
age container would be required to withstand
pressure from the exterior (due to the hydrostatic
pressure in the case of the basalt formation or due
to the lithostatic pressure in the case of the salt
formation). Thus, the common feature in all
designs was use of a relatively thick container
that would provide sufficient thickness for
mechanical strength as well as sufficient thick-
ness to allow for the wastage of material due to
aqueous corrosion. Although the salt repository
environment was assumed to be initially dry, the
heat produced by the waste package would favor

migration of brine inclusions in the salt toward
the container surface. Because relatively thick-
walled containers (on the order of 7-10 cm) were
needed to withstand the environmental pressure,
even thicker containers were proposed to act as
radiation field attenuators. Containers with
thicknesses up to 256 cm were proposed as "self-
shielded waste packages”. The benefit sought
was that the radiation field would be reduced to
a level where radiolytically induced changes in
the chemical properties of the environments
would be insignificant.

During FY-82, the NNWSI Project was going
through a transition year. The waste package
generic program at ONWI was to be phased out
and each repository project was to undertake a
more site-specific approach to its waste package
design and selection of container materials.
During FY-82 the Waste Package staff at LLNL
continued to work with Westinghouse-AESD on
conceptual designs for a waste package emplaced
in tuff. The first "conceptual design report” for a
waste package in a tuff repository was published
at the end of FY-82 by Westinghouse [ref 3]. This
report emphasized the self-shielded design ap-
proach and focused primarily on a repository
horizon located below the water table.

The decision on which repository horizon to
focus future NNWSI Project work was made in
the summer of 1982. The decision was made to
consider the Topopah Spring member as the loca-
tion of the reference horizon for the Yucca Moun-
tainrepository; this horizon was located in the
"unsaturated zone", some 300-400 meters below
the surface and some 200 meters above the static
water table.

2.2 Thin-Walled Containers

Consideration of a repository horizon above
the water table introduced new design concept
considerations. At the Yucca Mountain site,
emplacement of the waste packages above the
water table removed consideration of hydrostatic
pressure as an environmental constraint. Fur-
thermore, lithostatic pressure was considered
negligible in the rock formation. The absence of
external pressure allowed the option of using
thin-walled containers (on the order of one cm) for
the waste packages. However, use of thin-walled
containers put greater emphasis on the resis-
tance of the container material to all pertinent
forms of environmental degradation, including
oxidation in the vapor phase and aqueous cor-
rosion in the condensed phase. This was consis-



tent with the environmental setting in that the
initial emplacement conditions were expected to
be dry and to remain so for a long period of time.
Thus, while aqueous corrosion could occur during
transient periods when water entered the
repository environment, immersion of large num-
ber of containers and large areas of containers
was not viewed as a likely and continuing occur-
rence.

Gradual consumption of the container by low
temperature axidation was therefore considered
the most likely degradation mechanism affecting
all of the containers for a repository horizon above
the water table. In fact, it appeared that the en-
vironment itself could be controlled to prolong the
container lifetime and reduce the uncertainty of
failure by a non-uniform kind of aqueous cor-
rosion. The environment could be considered as
part of the engineered barrier system if the
temperature could be maintained above the un-
constrained boiling point of water (96 C at the
proposed elevation in Yucca Mountain) for as long
a period of time as poseible. For spent fuel waste
packages, this could be accomplished by judi-
ciously designing the power output per container
and the areal power density in laying out the con-
figuration of the waste packages in the
repository. During the 1983-88 time period, this
has been a key element in the strategy for
demonstrating substantially complete contain-
ment, and it has influenced the container
material selection.

Designs employing thin-walled containers
had other advantages. Fabrication and, especial-
ly, welding processes were viewed as less
problematic on thin-walled containers than the
processes that would be used to make thicker con-
tainers. With a less massive container, the han-
dling and emplacement operations were thought
to be easier to accomplish. Probably the most im-
portant factor was that the thin-walled container
design resulted in significantly lower costs for
both the repository and waste packages. First,
less material would be used in the waste pac .
Second, less mining cost would be involved in ex-
cavation of the borehole. Third, less expense
would be encountered in the handling and
emplacement equipment needed in the repository
and in the surface facilities for assembling the
waste packages.

On the other hand, use of thin-walled con-
tainers placed more emphasis on the general cor-
rosion resistance of the container material with
considerable emphasis on failure by non-uniform
kinds of corrosion and predicting container
failure times for these modes. Also, radiolytic

changes in the environment would need to be ad-
dressed, since the thickness of the container did
not substantially attenuate the dose rate (as a
rough approximation, for most of the candidate
metals/alloys, the radiation dose rate decreases
approximately one order of magnitude for each 5
cm of container wall).

Container wall thicknesses on the order of 1
cm have been proposed for the NNWSI waste
package designs since 1983. These designs were
discussed in the NNWSI Conceptual Design
Report [ref 6). This thickness was coincidental
with the thickness of the pour canister used for
defense waste package being designed at Savan-
nah River (at this time, NNWSI was considering
using the "waste package”, as it was produced, as
the containment veasel). Subsequent structural
and thermal analyses performed to demonstrate
compliance with design requirements [ref 6] indi-
cated that this thickness was indeed adequate for
stainless steel. The highest mechanical loads
would occur during waste package handling
operations or under accident conditions. When
copper was introduced into the NNWSI Project
(1984), it appeared that somewhat thicker con-
tainers would be needed for high purity copper in
order to satisfy the structural requirments. Un-
alloyed copper has a considerably lower yield
strength than the other candidate materials, and
lower creep strength under the repository ther-
mal conditions. Finally, when the SCP was writ-
ten in 1986-87 a thickness of 1-3 cm was proposed
in the container designs; in addition to accom-
modating the lower strength materials, this
would allow greater flexibility in the choices for
the container fabrication processes. Moreover, in
order to better distribute the stresses, it may be
desirable to specify thicker end sections on the
container. For example, the thicker end pieces
could be made from forgings while the container
body is made from rolled and welded plate.

As discussed in the 1988 Consultation Draft
of the SCP, there are two general container
designs, one for out-of-reactor spent fuel as a
waste form, and the other for reprocessed
boraosilicate glass as a waste form. These waste
package designs all have a common outside
diameter (66 cm); the length of the waste pack-
age varies to accommodate the waste form. In the
earlier years (1982-84), as documented in [ref 4,
5, and 6], there were separate designs for
reprocessed defense and commercial high level
waste (both proposed to be cast in a matrix form
of borosilicate glass poured into a metal pour
canister) corresponding to the differences in heat
source density for the two waste forms. This re-



quired different dimensions for the waste pack-
ages. Since that time no more commercial spent
fuel has been reprocessed in the USA. The older
reprocessed commercial waste has a heat source
density approximately the same as reprocessed
defense waste; hence, a common design is

proposed for all glass waste packages.

2.3 Plans for Site Characterization

There have been three major efforts at
describing plans for site characterization for the
NNWSI Project, and these efforts have involved
the container material in important ways. Site
characterization planning efforts have involved
identification and description of container
materials under consideration. The 1982
Nuclear Waste Policy Act called for preparation
of important planning documents; these docu-
ments included a Mission Plan (overall schedule)
and site specific reports on Environment Assess-
ment and Site Characterization. Site charac-
terization planning work has particularly im-
pacted the waste package container work.

The first work on site characterization plan-
ning occurred in the summer of 1982 when the
NNWSI Project was considering multiple
repository horizons at Yucca Mountain. Because
there were a number of possible environmental
conditions (above and below the water table) and
information was scant about the site, the discus-
sion of the plan devoted to metal barrier
materials was quite general. The section dealt
mostly with iron and steel (cast and wrought) as
container materials, but there was some con-
sideration of more corrosion resistant materials.
This draft site characterization plan was not for-
mally published, and the subject matter was su-
perseded when a decision was reached on the
repository location later in 1982.

The second attempt at producing a com-
prehensive report on site characterization began
in February 1983 when D. L. Vieth, then the
Director of the NNWSI Project, convened many of
the key participating organizations and principal
investigators. The meeting was held at Holmes
& Narver headquarters in Orange, California.
The purpose of the meeting was to begin writing
a project-wide Site Characterization Report
(SCR), and this draft of that report has come to
be known as the "Orange draft”. This version of
the SCR was never published in full, but parts of
it have been used in various topical reports (in-
cluding part of the metal barrier discussion). The
meeting became a "write-in" with several people

spending days to weeks at Orange composing
parts of the SCR. The Orange write-in concluded
in late March, but portions of the SCR were later
written at each contractor participant’s site
during the spring of 1983.

The SCR later became the SCP (Site Charac-
terization Plan). Another unfinished draft ver-
sion was started in early 1985. The present (and
third) version of the SCP picked up from the 1985
work in the summer of 1986. During the
remainder of 1986 and through much of 1987, this
draft was composed, reviewed, and revised; it was
released as a "Consultation Draft” in January
1988 (see Section 3.7). The essential format of the
SCR/SCP has not changed from version to ver-
sion. The plan was always to have several "data”
chapters dealing with what is already known
about the site and behavior of components in the
site environment and then an "issue resolution
and information needs" chapter outlining how
different parts of the project would support one
another and work toward demonstrating that the
information in the license application would show
compliance with the appropriate federal regula-
tions. In the present version of the SCP, Chapter
7 discusses the work to date on the waste pack-
age, while Chapter 8 is concerned with the issue
resolution and information needs.

An important advantage of the Yucca Moun-
tain site in meeting the containment objectives
was that the thermal environment could be made
a part of the engineered barrier system if the
temperature on the container surface could be
maintained above the boiling point of water for a
significant portion of the containment period.
This approach has important implications for
choice of the container material, because a key
material property is the oxidation rate for long
times at modestly elevated temperatures (up to
about 250 C maximum).

An important element of the strategyfor
demonstrating compliance with the NRC perfor-
mance objective of "substantially complete con-
tainment” as stated in the January 1988 Consul-
tation Draft SCP is reliance on the thermal
environment to maintain the conditions in a large
fraction of the waste package emplacement holes
such that liquid water could not be present in sig-
nificant quantities for the first 300 years follow-
ing closure of the repository. During the revision
of the consultation draft in response to the NRC
comments, it was determined that there are suf-
ficient uncertainties in the parameters that con-
trol this thermal environment to make it in-
feasible to directly allocate a performance
requirement to it. Therefore, in the statutory



SCP that was issued in December 1988, this topic
is discussed as having the potential for improv-
ing the confidence in the ability of the waste pack-
age containers to perform their assigned func-
tion. Specific quantitative performance goals for
the thermal environment are not established as
an integral part of the containment strategy, but
are held in reserve pending collection of the data
needed to reduce the parameter uncertainties to
acceptable levels. Nevertheless, the thermal
energy released by radioactive decay of the waste,

primarily from fission products, will produce a
local effect that will contribute to the main-
tenance of a "dry" environment around most of
the waste packages for extended time periods
both before and after the permanent closure of
the repository.

An important result from the Orange draft of
the SCR/SCP was the selection of "reference" fea-
tures for several items in the Project. This is dis-
cussed in Section 3.2.

3.0 WASTE PACKAGE CONTAINER MATERIALS

In this section, we will pass briefly through
some of the highlights of Project events and
decisions that have influenced container material
selection. These events will generally be dis-
cussed in chronological order, but because many
activities were going on simultaneously, there is
some necessary deviation from a set time pattern
in discussing the subject matter and consequen-
ces of all these events.

3.1 Program Prior to the Orange
Draft of the SCR

In the 1981-83 period the chief interest was
in a repository location below the water table at
Yucca Mountain. Also, the posesibility of using
thick self-shielded waste packages was being pur-
sued. The emphasis was on comparatively inex-
pensive, corrosion allowance types of container
materials. We began some corrosion testing of
carbon steels, cast irons, and Cr-Mo low to inter-
mediate alloy steels in the summer of 1982. Our
interest in the alloy steels (e.g. 9 Cr - 1 Mo) was
principally due to their lower general corrasion
and oxidation rates compared to carbon steels in
oxidizing atmospheres and aqueous solutions.
We recognized the difficulty in welding these
materials (high degree of martensite formation)
because of the high carbon contents in the usual
commercially available material. Like the paral-
lel work going on in the salt repository program,
we were giving some consideration to using a
titanium-clad, carbon-steel container. However,
we did only a cursory amount of testing on
titanium.

We began some corrosion testing of 804L
stainless steel in December 1982. At that time it
was a fair certainty that this material would be
used for glass pour canisters, so it was logical to
include it in the testing activity. Corrosion test-
ing activities were underway at LLNL and

through sub-contract to Battelle’s Pacific
Northwest Laboratory (PNL). The work spon-
sored at PNL was concerned mainly with the cor-
rosion rates of irradiated specimens of carbon and
alloy steels, since PNL had a gamma pit facility
available for this kind of testing.

The considerations that served as the bases
for the choice of container materials, designs, and
teating activities were completely modified
during the "Orange write-in" in the early spring
of 1983. The work on ferrous materials was not
completely terminated, however, since carbon
steel remained as the principal choice for a
borehole liner material (see Section 3.4).

3.2 "Orange" Draft of Site
Characterization and Selection of
a "Reference Material"

NNWSI Project managers and principal in-
vestigators convened to write a "Site Charac-
terization Report” (SCR) in February 1983. By
this time, the Topopah Spring tuff member had
been selected as the stratigraphic location for the
repository horizon. This layer was well above the
water table at the site where the repository would
be excavated. As explained in Section 2.3, loca-
tion of the repository in this horizon opened the
way to consideration of thin-walled containers,
and this was a significant departure from pre-
vious design activities on waste packages. Along
with the thin-walled container design was the im-
portance of corrosion and oxidation resistance in
what were viewed as dominantly oxidizing condi-
tions. This set the stage for selection of Type
304L austenitic stainless steel as the reference
container material for the NNWSI waste package
designs.

In composing the Orange draft of the SCR,
there was a need to specify "reference” conditions



and components. Among these were the
reference container material, the reference
design for each kind of waste package (with
regard to dimensions, internal configuration, and
power load), the reference emplacement orienta-
tion, the reference areal power load for arranging
the containers in the repository, the reference
groundwater, and so on. The purpose for specify-
ing these "references” was to establish some com-
mon elements acroes the Prgject so that the dif-
ferent activities could be conducted in parallel
with these common elements as reference points.
In many of the activities, one or more "alterna-
tives" were being studied along with the
"reference” condition or component.

Selection of 304L, as a reference material for
the "Orange" draft was based on anticipated
oxidizing but not especially aggressive environ-
mental conditions at the Yucca Mountain
repository. This material is readily fabricated
and welded by many different processes. The
material possesses a high degree of fracture
toughness and has excellent mechanical proper-
ties. The L-grade (low carbon) was specified be-
cause of it greater resistance to developing "sen-
sitized" (chromium depleted) microstructures in
the grain boundary regions following the welding
operation. Type 304 stainless steel, and its
various modifications including the low carbon
grades, are "workhorse” materials for many in-
dustrial applications; therefore, a large database
exists on the performance of these materials in a
wide variety of natural and chemical environ-
ments. The kinds of environments that were ex-
pected to dominate at Yucca Mountain were
water vapor and atmospheric gases at tempera-
tures up to about 250 C during the early part of
the containment period. Then, gradually
decreasing temperatures and increasing prob-
abilities of wet conditions would occur in the late
part of the containment period as the 96 C
isotherm gradually moved toward the waste
package container surface. The time when the
96°C isotherm arrived at the container surface
would depend heavily on the type of waste,
characteristic of the waste, rock parameters, and
several design parameters of the waste package
and repository. Wet conditions could develop
around the container once the temperature cooled
to or below 96 C and vadose water was present in
the near-package environment.

The reference groundwater, associated with
the Topopah Spring member, and derived from
Well J-13 on the Nevada Test Site, is near neutral
pH, low in salinity (appx. 7 ppm chloride ion), and
oxidizing (appx. 5 ppm dissolved oxygen and

appx. 10 ppm nitrate ion). The environmental
conditions were generally held to be comparative-
ly non-aggressive (particularly when compared to
environmental conditions in the other geological
repasitory sites). This was based on three assess-
ments: [see ref 6 and ref 7] (1) the vadose water
would evaporate before it entered the near-pack-
age environment, (2) the small downward flux of
water meant that when the temperature cooled
below the boiling point only a small amount of
water would contact the container surface and
remain for a rather short period of time, and (3)
non-irradiated water of the J-13 type of composi-
tion was not especially damaging to stainless
steels. Given the concurrent radioactive decay
and thermal decay, the view was that the con-
tainer would unlikely be simultaneously exposed
to aqueous conditions and a significant gamma
field to effect radiolytic chemical changes in the
environment. Given these thermal and environ-
mental conditions, the performance of the stain-
less steels was believed to be adequate in meet-
ing the substantially complete containment
objectives of the waste package.

The leading defense waste form producer
(Savannah River) proposed to pour the glass into
304L stainless steel canisters, and this was a fac-
tor in making this material the choice for the
reference material. At the time of the Orange
draft, the NNWSI Project was considering using
the pour canister as the disposal container for the
vitrified waste form packages. The Project later
decided to "overpack” the pour canister into a dis-
posal container (late 1984), so that later versions
of the SCP and other project documents reflect
this difference in configuration.

The limitations on 304L, stainless steel were
recognized very early on and were discussed in
the section on metal barrier materials written for
the Orange draft of the SCR. The advantages of
other grades of stainless steels and stainless al-
loys with higher amounts of nickel, chromium,
and molybdenum were discussed in terms of im-
proved resistance to different forms of localized
corrosion and stress corrosion cracking. Al-
though low temperature axidation was viewed as
the dominant degradation mode with respect to
time in the repository, the various modes of
aqueous corrosion were viewed as more likely to
limit the containment performance of the con-
tainer material if and when an aqueous environ-
ment intruded into the vicinity of the waste pack-
age container.

While the final version of the entire Orange
draft was never issued, parts of it were published
elsewhere in topical reports and conference



papers. Much of the text of the metal barrier sec-
tion was published in two conference papers
prepared in the autumn of 1983 (MRS, December
1983, [ref 8] and NACE, March 1984 [ref 5]).

It is important to note that in 1983, the three
repository projects (salt, basalt, and tuff) were
engaged in project concurrence (and occasional
informal competition) on completing site charac-
terization planning work along with other base-
line doucuments (Mission Plan, Environmental
Assessment of each site). One special advantage
that the Yucca Mountain site offered was its
repository location above the water table.
Another advantage proposed by the NNWSI
Project was to use the reprocessed waste pack-
ages in the "as produced” condition, as discussed
in the next section. It was folt that the NNWSI
waste package could be designed cost-effectively
with less repository excavation and less costly
handling operations, and by using moderately

corrosion resistant and moderately priced con-

tainer materials.

3.3 Use of Bare Pour Canisters for
Containment

In the "Orange draft” it was proposed that
the pour canister to be used for the defense high
level waste (DHLW) also act as the containment
vessel for disposal. That is, there would be just
one metal barrier, and it would be the same ves-
sel into which the borosilicate glass was poured.
In 1988, the Savannah River plant was advanc-
ing the process it had developed for making
DHLW. The Savannah River operation called for
pouring the molten glass into Type 304L stain-
less steel pour canisters (appx. 61 cm OD by 300
cm high with a wall thickness of 1 cm.) In the
Savannah River process, the molten glass left the
melter at a temperature of around 1050 C and
was poured very slowly into the stainless steel
vessel. About 17 hours were required to complete
the pour; during the operation, surface peak
temperatures of 560-700 C were recorded on the
canister surface. After filling, the canister was
closed by an upset resistance weld process. In the
process, a high current was passed between the
canister and a tapered plug (appx. 18 cm in diam-
ter) that was simultaneously pressed into the
canister opening to fuse them together. The chief
reason for selecting 304L stainless steel for the
pour canister was its excellent axidation resis-
tance; the entire procees is to be carried out under
atmospheric conditions, and little radioactively

contaminated scale develops on the stainless
steel canister surface.

In 1988 it was not clear whether defense
waste would go into the repository. According to
the Nuclear Waste Policy Act of 1982, the Presi-
dent would make that decision. (He did in the
spring of 1985). Because spent fuel was the
primary and most radioactive waste destined for
a commercial repository, lees concern was raised
about the defense waste. There was justification
that if the defense waste could be used "as is”
(that is, in its own pour canister) without any fur-
ther process operations at the repository site,
then a major cost savings would be achieved.
Also, use of the bare pour canisters would only be
feasible at the Yucca Mountain repository be-
cause of the lack of external pressure. This would
result in a further economic advantage of the site.

However, the direct use of the "bare" pour
canisters raised an important technical issue
about the metallurgical condition of the canister.
Because of the time-temperature-strain history
of both the glass pouring operation and the upset
resistance weld operation, portions of the
canister (especially at the bottom where the
temperature remained the highest for the longest
period of time and the heat-affected-zone around
the highly strained upset resistance weld) were
apt to become sensitized during these operations.
It also appeared that the canister wall would be
in hoop tension because of the differential ther-
mal contraction of the glass and metal upon cool-
ing.

While it may have been possible to prevent
sensitization by careful control of the alloy com-
position and the proceas history, this would have
required such a considerable amount of process
control by the operator that it appeared imprac-
tical to continue to consider the "bare” defense
waste pour canister as the disposal container.
Also, there was the point (and a report written on
the subject - ref 22) that even if the microstruc-
ture was not discernibly sensitized during the
high temperature processes (glass pouring, weld-
ing), carbide nuclei would form in highly strained
areas and that portions of the canister could even-
tually be sensitized over a longer period of time
at lower temperatures (low temperature sen-
sitization phenomenon). A letter was written in
the autumn of 1984 from L. D. Ramspott (LLNL
Technical Project Officer) to D. L. Vieth (then
NNWSI Project Director at DOE) recommending
that the defense waste pour canisters be "over-
packed” in another metal barrier. This outer
metal container would then function as the dis-



posal container. This letter is appended as At-
tachment B.

The timing of this letter should be noted be-
cause reports written before the summer of 1984
considered the pour canister as the disposal con-
tainer, and thus there was a great deal of em-
phasis on sensitization concerns in these reports.
At that time, the NNWSI Project was focusing its
materials effort on low carbon austenitic stain-
less steels. Sensitization of the stainless steecls
was a major concern because the canister would
lose its "stainleas” quality around the grain boun-
daries where the chromium content was depleted.
The resulting material would then be very sus-
ceptible to a form of localized corrosion (inter-
granular corrosion) and to a form of stress cor-
rosion cracking (intergranular SCC) because of
the chromium depletion. Thus, the as-fabricated
and filled pour canister would go into the disposal
site in a corrosion susceptible condition.

Cast Irons:
Gray Cast Iron  Nodular Cast Iron
Carbon Steels:

AISI 1020 Ab37
Alloy Steels:
9 Cr-1 Mo
Ferritic Stainless Steels:
AISI 409 430
26 Cr-1 Mo 29 Cr-4 Mo
Austenitic Stainless Steels:
AISI 304L 304 EILC
316L 317L
321 AL 6X
Alloy 20 Cb3 Js 700
Nitronic 33
Duplex Stainless Steels:
Ferralium 256

Nickel-Based Alloys (alloyed principally
with Cr, Mo, Fe):

Alloy 825 Alloy G-3
Alloy 625 Alloy C-276
Nickel Based Alloys (alloyed with Cu):
Alloy 400
Titanium and dilute alloys:
Ti-Grade 2 Ti-Grade 12
Zirconium and dilute alloys:
Zr 702 Zircaloy(reactor grade)

Copper and Copper-Base Alloys:
Electrolytic Tough Pitch Copper (CDA 110)
90/10 Copper-Nickel (CDA 706)

70/30 Copper-Nickel (CDA 715)

Table 1 - Initial list of materials
considered in 1983 survey (31

metals and alloys).

3.4 1983 Survey of Container
Materials

In the last months of 1982, we began a sur-
vey of candidate materials that would be practi-
cal for consideration in the site-specific NNWSI
designs being developed in this same time period.
Work on this survey was intensified in the spring
of 1983 (concurrent with the Orange write-in) and
drafts of the survey circulated in April-May 1983
with considerable revision occurring during the
summer of 1983. The survey was finally
published in October 1983. [Russell, et al, ref 4]
For simplicity, we will refer to this as the 1983
Survey.

Initially, the survey considered some 31 en-
gineering metals and alloys. Virtually all of the
important alloy systems were represented, the
major exceptions being aluminum-based alloys
(not considered because of their low melting
points) and high strength steels and nickel-based
superalloys (not considered because of modest
strength requirements for waste package con-
tainers). Listed according to compositional and
structural classifications, the 31 candidates on
the original long list are given in Table 1.

The above list represented a broad cross-sec-
tion of metals and alloys. The list was derived
from metals and alloys being considered by other
repository projects or those that were discussed
in publications pertaining to nuclear waste con-
tainment. One document that was
useful was the report by Nuttall and Urbanic [ref
9] from the Canadian AECL. This report dis-
cussed, in rather general terms, the good and bad
points of the important alloy families with regard
to possible long-term degradation modes. Also,
discusssion with manufacturers and technical
colleagues enlarged the list, often to include
materials that are relatively new and that have
been developed for improved corrosion resistance
and better mechanical properties. Note also that
plans for testing many of these same materials
had been made in the summer of 1982, while
multiple locations for the repository horizon were
still under consideration [Attachment C]. The
materials were initially evaluated in terms of four
magjor criteria: (1) cost, (2) mechanical properties,
(3) corrosion resistance, and (4) weldability.
Each of these four areas was further broken down
into a list of factors that could be comparatively
evaluated.

This initial long list of 31 candidates was
then shortened to a list of 17 candidates. A quan-
titative figure-of-merit approach was used to
compare these candidates. As a result of this ap-



proach, 4 metallic materials were then selected
for the testing program. The list of 17 candidates
is the one discussed in the paper by Russell, et al.
[ref 4], according to the above four general
criteria. There was no formal documentation on
how the list of 31 was reduced, but personal recall
from that period of time can explain some of the
eliminations.

Many of the alloys on the longer list (31 can-
didates) were quite similar to one another, and
this was the major reason why some were
eliminated early on (e.g. JS 700 vs. AL 6X among
the high-nickel, high-molybdenum austenitic
stainless steels, C-276 vs 625 among the high-
performance nickel-base alloys, G-3 vs 825
among the intermdediate nickel-base alloys, 29
Cr - 4 Mo vs 26 Cr - 1 Mo among the low-intersti-
tial, high-performance ferritic stainless steels).
In other cases, problems of fabricability or wel-
dability prevailed in the initial screening (e.g
elimination of cast materials and difficult-to-
weld high-carbon alloy steels). In still other
cases, the initial evaluation criteria were severe,
and candidates were eliminated because it
seemed their performance under the environ-
mental conditions was not adequate. This was
the case with copper and some of its alloys, where
our initial judgment was that these materials
would have high corrosion rates in oxidizing, ir-
radiated environments. We were later asked by
the Department of Energy to reconsider copper
(beginning of FY-85). When we did some actual
testing on copper under irradiated environmen-

Carbon Steels:

AISI 1020 A537
Ferritic Stainless Steels:

AISI 409 26 Cr-1 Mo
Austenitic Stainless Steels:

AISI 304L 316L

317L 321

Js 700 Nitronic 33
Duplex Stainless Steels:

Ferralium 256

Nickel-Based Alloys (alloyed principally
with Cr, Mo, Fe):

Alloy 825 Alloy 626
Titanium and Dilute Alloys:

Ti-Grade 2 Ti-Grade 12
Zirconium and Dilute Alloys:

Zr 702

Copper and Copper-Based Alloys:
70/30 Copper-Nickel (CDA 7156)

Table 2 - Second list of materials
considered in the 1983 survey (17

metals and alloys).
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tal conditions, the corrosion rates were not near-
ly as high as expected, with the result that cop-
per and some of its alloys were later added back
to the candidate list. This is explained in much
more detail in the next section (3.5).

The 17 candidates remaining on the second
list are given in Table 2. The process used for
reducing the container candidate list from 17 to
4 is explained in the Russell et al paper [ref 4].
However, there are some important remarks that
need to be made in understanding this process.
As a convenience to the reader, selected tables
from the 1983 Russell report are provided in At-
tachment D. Points of interest in the 1983 sur-
vey are:

A. The 1983 Survey considered the four
evaluation areas (corrosion resistance, mechani-
cal properties, weldability, and coset) as equally
important. In this survey only the cost of the
manufactured product ($/cubic inch of material)
was considered (Table 7 of the Russell et al
report). Costs involved in handling and in closing
the containers in the hot cell facility, including
documentation of the material and process for
quality assurance and quality control, will likely
dominate over the cost differences between the
candidate materials. Thus, the total cost of the
waste package rather than the price per cubic
inch now is a deciding factor among the candidate
materials.

B. With regard to mechanical properties, the
1983 survey emphasized the importance of the nil
ductility temperature and the high-temperature
yield strength (Table 8 in the Russell et al report),
because these properties were related to design
requirements at that time. In 1983, one con-
sideration for the container material was that it
would have sufficient resistance to "survive a fire
test” such that a filled container would withstand
a half hour at 800 C without rupture. Hence, the
mechanical strength of the container at elevated
temperature was important. At somewhat the
other extreme, importance was attached in 1983
to the low temperature mechanical properties be-
cause of possible exposure to low ambient
temperatures during movement from the surface
facility to the underground emplacement on the
*coldest day" possible in the climate of this region
of Nevada. [Hence, emphasis on mechanical
properties at -18 C or appx. 0 F, where there is a
body of information in the literature.] Table 8 in
the Russell et al report gives some figures on the
fracture toughness minimum at -18 C and the nil
ductility temperature (often around -18 C for the
more easily embrittled materials). With regard
to mechanical properties, the waste package



design requirements and desirable design fea-
tures that were utilized in the 1983 survey are
listed in Attachment G (taken from Table 1 of
Reference 6).

C. The weldability parameters, expressed in
Table 9 of the Ruasell et al report, were assessed
in a binary fashion (0 = no special problems, 1 =
special problems) with no intermediate responses
permitted. This was done because evaluating
weldability, per se, is a complex issue. The
authors of the paper contacted several experts on
welding, and the results in the table are a com-
pilation of their opinions. Since the time of the
1983 survey, the Design, Fabrication, and
Prototype Testing Task has undertaken a more
thorough study on evaluating different welding
processes. [refs 10, 11]. The 1983 survey was
limited to the more conventional types of fusion
welding processes; e.g., gas-metal-arc (GMA),
gas-tungsten-arc (GTA), shielded metal arc
(SMA) weld processes. Both filler and
autogenous processes were considered for the
GTA weld. In the more recent study,[Refs. 10, 11]
performed by Babcock & Wilcox (B&W), more
"state of the art” processes were considered (e.g.
electron beam, friction welding, plasma arc weld-
ing). This is especially important for some of the
"newer” metals and alloys, where difficulties are
sometimes encountered in using the more con-
ventional processes.

D. The corrosion and oxidation rate data,
given in Table 5 of the Russell et al report, were
an attempt to express rather complex phenomena
in a simple tabular form. Virtually every one of
the tabular entries is a compromise, with several
important qualifications. This information was
supplied with no experimental knowledge of the
corrosion response of most of the metals on the
list to J-13 well water, which was the reference
groundwater for the repository. Some testing of
carbon steel and other ferrous alloys had begun
in the summer of 1982; but no test data on the
stainless steels, nickel-base, copper-base, or
titanium-base alloys had been obtained in early
1983.

Table 5 of the Russell et al report lists first
the maximum oxidation rate for the candidate
materials in steam and in moist air. Tempera-
ture was not specified, because the oxidation rate
was not expected to vary appreciably over the
relevant temperature range. Each of the major
categories of aqueous corrosion was identified
with a "maximum rate" and a "probability” term
in Table 5 of the Russell et al report. The reason
why this table was organized in this manner was
an attempt at an early analysis of degradation
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modes that would affect the container material
once aqueous conditions could occur on the con-
tainer surface. The probabilities of all the
aqueous corrosion degradation modes added to
one. The "probability” term was a compilation to
deacribe the population of containers affected by
the particular corrosion degradation mode, and
the time during which the mode would operate.
With regard to the localized corrosion and en-
vironmentally accelerated cracking, the prob-
ability term tacitly incorporated the individual
probabilities that the "right” conditions with
respect to the ionic concentration, solution pH,
solution Ep, susceptible metallurgical structure,
crevice size, stress intensity, and so on, were all
simultaneously met.

As explained in the Russell et al report the
various terms in the more detailed tables for (1)
corrosion resistance, (2) mechanical properties,
(3) weldability, and (4) cost were scaled down to
a system of three tiers. The single figures as-
signed for the tiers were 0 = some disadvantages,
1 = suitable, and 2 = superior. The scores from
the four columns were totaled (eight would have
been a "perfect score”) and compared. Then the
materials were ranked. The "top scores” were ob-
tained by 304L, 316L, and 321 stainlees steels
and alloy 825 (a nickel-base alloy closely related
to the stainless steels and sometimes described
as a stainless alloy). These four materials were
recommended as candidates for the NNWSI
Project container designs.

AISI 1020 carbon steel, which did not fare too
badly in the analysis, was recommended as the
candidate material for NNWSI Project design
borehole liners. No other borehole liner can-
didate materials were named.

The NNWSI Project testing activities went
into "high gear" beginning in March 1983 (while
the "Orange" draft of the SCR was being written
and while the 1983 survey was proceeding) and
into the summer of 1983. This will be discussed
further in Section 3.6. As a result of the Orange
draft of the SCR, the Project now had its
"reference material” and three alternatives (all
austenitic materials). The alternatives were
similar enough (strength, ductility, toughness,
and principal alloying elements - Fe, Cr, Ni) to
the reference material, that activities involving
the waste package design, repository design, in-
teractions with the waste form, and interactions
with the environment could all proceed in paral-
lel. This was the intention of the Orange convoca-
tion and the Project plan developed at that time.
These same corrosion-related issues (the prin-
cipal difference among the candidate alloys) were



explained in the paper presented at the 1984
NACE Conference [ref 5). This paper also con-
tained some of the first repository relevant ex-
perimental information on these materials.

More recently, as discussed in the Scientific
Investigation Plan (SIP) for the Metal Barrier
Task, a more detailed and quantitiative system
is being developed for selecting the candidate
material(s) for advanced design work. Similarly,
the Design Task is pursuing activities to select
processes for fabricating, welding, and inspecting
the container. A third task is concerned with
study of alternate materials and designs. Initial-
ly, this task is examining a wide variety of
materials (metals and non-metals), including re-
examining some of the materials in the "long list"
of the 1983 Survey. The interaction of these tasks
and plans for the near future are discussed in Sec-
tion 4.0.

3.5 Copper Container Feasiblity
Study

The BWIP and NNWSI Projects were formal-
ly requested in the early part of 1984 to give con-
sideration to copper and copper-base alloys in
their waste package container studies and to
develop plans for formally addressing the
feasibility of copper. This feasibility study was to
be a two-year (FY-85 and FY-86) activity. The
reason given for undertaking the copper
feasibility study was at the request of members
from both Houses of Congress. It was felt that
copper (or one of its alloys) could be shown to be
a viable container material in one of the
repository programs. The Salt Repository Project
Office (SRPO) - successor to ONWI - was not
asked to participate.

Two NNWSI Project reports were written on
the status of the feasibility study at the end of
each fiscal year (FY-85 and FY-86). These are
cited as references to consult for additional
details on this study [refs 13, 14). These reports
were extensively reviewed by the Project
management and DOE/HQ before release. The
plan for the feasibility evaluation, as well as the
two year-end reports, were reviewed by a two-
member peer review panel for completeness of
the evaluation.

In Attachment E, the list of initial concerns
with copper are presented, as well as a general
plan formulated in May of 1984 for evaluating
copper. In early May 1984, we (L. B. Ballouy, then
Task Leader for the Waste Package and the
writer) met with the WMPO Director (then D. L.
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Vieth) to outline the strategy we would take in
meeting the DOE request. It was agreed that
NNWSI would actively undertake the feasibility
study and that we would enlist the help of two
copper industry technical organizations, the Cop-
per Development Association (CDA) and the In-
ternational Copper Research Association
(INCRA) in performing these feasibility studies.
Contacts were made with W. S. Lyman of CDA
and D. Peters of INCRA.

One of the first items requested from the cop-
per industry was their assessment of which
grades of copper and copper-base alloys should be
included in the feasibility study, given the ther-
mal, radiation, chemical, and mechanical condi-
tions of the expected environment at the Yucca
Mountain repository. Their reply was that we
should consider five materials: (1) oxygen-free
copper, UNS C10200; (2) a 7% aluminum bronze
alloy, UNS C61300; (3) 70/80 copper-nickel, UNS
C71600; (4) beryllium copper, UNS C17200; and
(5) MZC copper, an oxygen-free copper containing
small additions of Mg, Zr, and Cr, UNS C18100.
These materials are described in the letter from
W. Stuart Lyman (June 15, 1984) and copied in
Attachment F. Detailed reasons for the recom-
mendations of these five materials are cited in the
letter.

The reasons for selecting the first three
materials as candidate container materials
remain as valid today as they were in 1984. The
aluminum bronze was selected as a candidate be-
cause of its excellent oxidation resistance; the
70/30 copper-nickel was cited for its resistance to
most forms of aqueous corrosion, including (for a
copper-base material) some resistance to stress
corrosion cracking in ammoniacal solutions. The
oxygen-free grade of copper was chosen largely
because of its role in the Swedish program. In
that program, a massive container was proposed
to be hot isostatically pressed from a copper shell
onto a mass of powdered copper. The high-purity
and oxygen-free grade was specified there in
order to assure good bonding.

The last two materials, beryllium copper and
MZC copper, were included primarily for their
high strength at elevated temperature. In 1984,
the NNWSI Project was still considering using
the glass pour canister as the disposal container
for the vitrified waste forms. The NNWSI Project
wanted to explore the option that it could pur-
suade the waste form producer to use a copper-
base vessel, as well as any of the austenitic stain-
less steels or alloys. As events later turned out,
the NNWSI Project abandoned the idea of using
the bare glass pour canister as the disposal con-



tainer, and the leading defense waste form
producer was well established in its choice of
canister material and process (and would probab-
ly not accept a radical change in either). Thus,
the need for a high-strength copper-base material
was no longer present, and the feasibility evalua-
tion centered on the first three materials listed.
This is explained further in the FY-85 copper
feasibility report [ref 13].

The addition of the copper-based materials
offered new breadth to the NNWSI Project test-
ing activities. Some of the criticism attached to
having all of the candidates come from one alloy
family was alleviated. We entered into a sub-con-
tract agreement with CDA in which they supplied
compilations of existing information on the cop-
per and copper alloy candidate materials, such as
mechanical properties over the temperature
range of interest, corrosion and oxidation resis-
tance in environments of interest, industrial
processes for producing, fabricating and welding
copper in workpiece dimensions of a nuclear
waste container, and copper availability and price
forecasts up to the 21st century. These were sub-
jects that were to be addressed in the copper
feasibility reports.

CDA and INCRA organized a task group on
nuclear waste containers; this task group was
comprised of people in the copper industry. This
was one of the highlights of activities in the Metal
Barrier Task for the opportunity it afforded in
meeting with industrially oriented people and
drawing on their talents and experience in
developing plans for evaluating, testing, and
selecting materials and processes for producing
waste package containers. Several of the people
on the Copper Waste Container Task Group were
contributors to the reports prepared by CDA and
used by the Metal Barrier Task staff in peparing
the two feasibility reports on copper. We are cur-
rently planning to issue these reports as a source
of detailed background information on copper and
its alloys [ref 15]. We met formally two times
with the Copper Waste Container Task Group
(November 1984 and August 1985) in New York
City. Smaller meetings, primarily with Stuart
Lyman, Dale Peters, and Konrad Kundig, were
held at LLNL in the 1984-86 period.

As part of the work with CDA and INCRA,
we held a two-day workshop on copper and cop-
per alloy containers in March 1986. The
workshop was held in Houston TX. Participants
from the copper industry, the NNWSI and BWIP
Projects, the US DOE and subcontractors, and
representatives from the nuclear waste programs
in Sweden and Canada attended the workshop.
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Both the Swedish and Canadian programs have
emphasized copper as a container material in
their package designs. A summary of the
workshop was written; we are in the process of
releasing this summary as part of the CDA com-
pilations through the NNWSI publication proce-
dure [ref 15]).

Experimental studies to evaluate the recom-
mended copper and copper alloys under condi-
tions relevant to Yucca Mountain were under-
taken by the Metal Barrier Task, beginning
officially in October 1984. Actually, some testing
was already underway at LLNL in the late spring
of 1984 when the request for doing the copper
feasibility study was first announced. This work
involved corrosion testing in non-irradiated Well
J-13 water. Sub-contract work was begun with
Westinghouse Hanford Engineering Develop-
ment Laboratory (HEDL) in the late fall of 1984
to perform corrosion testing in Well J-13 water
and water vapor in a strong radiation field. Flat
coupons for weight loss testing, creviced
specimens, and welded U-bend types of stressed
specimens were tested. We believed that the ir-
radiated conditions would develop the most
severe environments for general, localized, and
stress corrosion testing. Environments,
temperatures, and radiation dose levels were
chosen to favor the formation of damaging species
and result in "severe" test conditions.

The initial analysis of performance issues for
copper and its alloys was concerned with the for-
mation of additional axidizing species and the for-
mation of certain nitrogen-bearing compounds
(refer to Attachment E). These are discussed in
more detail in the two published feasibility
reports, but it will suffice here to say that irradia-
tion of atmospheric gases, water vapor, and water
(in contact with atmospheric gases) could lead to
production of ammonia, the various oxides of
nitrogen, nitric acid, and hydrogen peraxide as
well as several short-lived highly reactive radi-
cals. While these same species could form in the
environments around stainless steel and nickel-
base alloys, these species would not be particular-
ly damaging to these materials unless perhaps
they were sensitized because of some prior ther-
mal/mechanical treatment. In the case of copper,
there was some concern that "runaway” corrosion
conditions might occur if high concentrations of
these species were present.

As the experimental activities later revealed,
the oxidation and corrosion performance of cop-
per was not catastrophic under the irradiated
conditions and with the temperatures and en-
vironments used. (Not all expected combinations



of temperature and radiation doses were tested).
Thus, copper and the two alloys looked promising
as candidate container materials. The two-year
feasibility study concluded that the three copper-
based materials should remain as candidates in
the NNWSI Project.

Another important point made in discuseing
the advantages of copper and the candidate cop-
per base alloys vis-a-vis the multiple component
stainless steels and alloys was the microstruc-
tural simplicity of copper (pure metal) and the
copper-nickel alloy (essentially a binary solid
solution). As an alternative alloy system, it was
pointed out that the species which would be par-
ticularly damaging to the stainless types of
material were not especially harmful to copper-
base materials, and vice versa. On the other
hand, the very low yield strength of high-purity
copper would likely require a thicker container
than the one-cm thickness specified in the
reference design. Also, some concern was raised
about possible ductility minima in copper in the
range of the peak surface temperature on spent
fuel package containers.

8.6 Experimental Activities
(1982-86)

Although most details of the experimental
work are beyond the scope and intent of this
paper, some narration of the sequence of ex-
perimental actitivities does help in under-
standing the container material selection
process. In the 1982 to early 1983 period (before
the Orange draft of the SCR), laboratory work
was concerned primarily with ferrous materials
(cast irons, mild steels, alloy steels) with a token
effort on titanium. Some thought had been given
to expanding the list of materials (the 1983 plan
given in Attachment C), and the survey of can-
didate materials was being planned. Sub-con-
tract work began at PNL on general corrosion and
strees corrosion work in the gamma radiation pit
there. When the emphasis on container material
changed direction to stainless steels following the
Orange draft and 1983 survey, some testing of
carbon steels continued, as the material was now
considered as the prime candidate for the
borehole liner. Some of the results of this work
have been published [ref 18].

Beginning in 1983, the emphasis changed to
the four container materials recommended by the
Ruseell et al report [ref 4]. Weight loss coupon
tests to determine the general aqueous corrosion
rates (and to observe any localized corrosion ten-
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dencies, since creviced washers were used) were
begun on these materials. The weight loss tests
were conducted in Well J-13 water at different
temperatures in the §0-100°C range and in 100°C
saturated steam. Later, tests in 150°C un-
saturated water vapor (atmospheric pressure)
were added. Stress corrosion cracking
(SCC)tests in 100C Well J-13 water and wet
vapor were commenced using four-point load
bent-beam specimens. Some of these specimens
contained welds, and others had various histories
of heat treatment and cold work. The purpose of
these metallurgical treatments was to establish
differences in microstructure and to intentional-
ly sensitize (partially or completely) the material.
These bent-beam SCC susceptibility tests were
confined to 304L and 316L (and some higher carb-
on 304) stainless steels, and the intent was to
determine the susceptibility of these materials
and conditions to intergranular (IG) SCC under
the mildly axidizing environmental conditions in
the Well J-13 water and vapor. The "bare pour
canister” was being pursued as the disposal con-
tainer for glass waste forms at this time. Work
at PNL was also oriented toward IGSCC suscep-
tibility. Some stressed U-bends of 304 and 304L
stainless steels were exposed to high radiation
doses in the PNL gamma pit. Well J-13 water
and the water vapor derived from it (at 50 and
90°C) were the test environments. Additionally,
PNL performed some slow strain rate tests on
304, 304L and 316L stainless steel in non-ir-
radiated environments and some U-bend tests on
304 and 304L under alternating wet-dry condi-
tions in an autoclave.

As expected, the more highly susceptible
materials/conditions (e.g. sensitized 304) cracked
intergranularly in the irradiated environments.
Specimens were more susceptible to IGSCC at
the higher test temperature (90°C) than at the
lower (60°C). Eventually, some of the 304L
specimens cracked, but they cracked trans-
granularly. The reason for this change in crack
morphology appeared to be an increase in the
chloride ion content of the water, coupled with the
oxidizing characteristics of the gamma irradiated
environment. These experimental results are
discussed in references 12 and 16. Bent-beam
stress corrosion test specimens did not crack in
any of the metallurgical conditions tested. In
these cases the lower streas level (below yield
stress) and less severe environmental conditions
(no gamma radiation) created much less aggres-
sive conditions. These results are discussed in
reference 12.



This emphasis on stress corrosion testing of
304L was intended to define the limitations of
this material, because it was believed to be the
most susceptible of the four candidates to both
IGSCC and TGSCC.

Localized corrosion testing of the austenitic
candidate materials revealed (as expected) that
the more highly alloyed materials were more
resistant than the leaner materials [ref 19].
Crevice corrosion testing of 304L and 316L indi-
cated that the "cleanliness" (primarily, fewer in-
clusions) of the material was important in
promoting resistance to this form of corrosion in
aggressive solutions. Gamma radiation caused a
shift in the electrochemical corrosion potential to
more noble values [ref 12]. In unmodified Well J-
13 water, gamma radiation did not change the
relative positions of the "pitting potential” and
the "corrosion potential”, but in 100x the solute
concentration of Well J-13 water the positions
were significantly changed. The prediction was
that in the more concentrated electrolyte and
under gamma irradiation, even the 316L
material would pit [ref 20].

Experimental work on copper and copper-
base alloys began in mid 1984. In parallel with
the work on the austenitic materials, weight loss
coupon tests in non-irradiated Well J-13 water
were conducted. Testing under highly irradiated
conditions (to establish a severe environment; ra-
tionale discussed in Section 3.5) was begun at
Westinghouse HEDL on the three candidate
materials in Well J-13 water and vapor. Results
of this work have been presented in refs. 13, 14,
and 21. The general statement of results was
that the copper-base materials did not oxidize or
corrode at an excessive rate under the strongly
oxidizing conditions as was initially expected.
Corrosion/oxidation rates under comparable ir-
radiated and non-irradiated conditions are
presented in ref 12 (Section 10). Perhaps, part of
the reason why only a modest increase occurred
in the irradiated rate (in aqueous environments)
on unalloyed copper is that hydrogen peroxide
forms, but catalytically decomposes on the copper
surface. The catalytic decomposition is less effec-
tive on the alloys, and the ratio of the irradiated
corrosion rate to the non-irradiated rate is much
greater (Table 16 of Ref 12).

More description and details of observation
of the irradiated copper and copper-base alloy
tests are discussed in the report by Yunker [ref
21]). The information in this report is being up-
dated with additional observations and measure-
ments on the exposed specimens; however, the
same types of results are expected. It is sig-
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nificant to note that no SCC occurred on any of
these specimens, despite environmental condi-
tions selected to attempt to form aggressive
nitrogen-bearing species (from radiolysis of water
and nitrogen in the atmosphere, plus some
nitrate ion already present in the J-13 water). In
many respects, the high-purity unalloyed copper
appears to be the better behaving material (no ob-
served inhomogeneities in corrosion attack and
film formation). However, there are some greater
practical difficulties that we presently perceive in
closing high purity copper containers. All of these
factors need to be weighed in the material selec-
tion process.

3.7 Impact of 1986 Events on the
Metal Barrier Task

Several events occurred in 1986 that resulted
in some change in direction in the Metal Barrier
Task activities. This and the following year 1987
were primarily devoted to planning. In the sum-
mer of 1986, the NNWSI Project recommenced
preparation of the Site Characterization Plan
(SCP). This time, the SCP was brought to the
state of a completed draft (released in January
1988). In order to better identify the Quality As-
surance (QA) levels for each parcel of work, a
Project-wide Stop Work Order (SWO) was issued
in June 1986. This resulted in closing out the ex-
perimental activities in the Metal Barrier Task;
some of these experimental activities had been
running since early 1983, and all were brought to
an orderly termination by the end of 1986. To lift
the SWO each task had to prepare a Scientific In-
vestigation Plan (SIP) for the work planned for
the task. There was some overlap in the content
of the two plans. These plans are available [ref
1, 2]. The pause in experimental work and the re-
quirement for producing documented plans was
an opportunity to re-examine the goals and direc-
tion of the Metal Barrier Task.

The draft of Chapter 7 of the SCP (including
the Metal Barrier part in Section 7.4.2) was com-
pleted in the summer of 1986, with some minor
modification and reworking performed in the first
half of 1987. The draft SCP was extensively
reviewed by DOE, its contractors, and by outside
technical reviewers. The Issue 1.4 Resolution
Strategy and its subsumed Information Needs in
Chapter 8 of the SCP were drafted in the autumn
of 1986. These, too, were extensively reviewed
and revised in early 1987.

In preparing the SCP, it was decided that
AISI 321 stainless steel could be eliminated as



one of the candidate materials. We had done
relatively little testing on this material, but more
importantly, this grade of stainless steel did not
offer any particular advantage that could not be
gained with one of the other candidate materials.
Alloy 825, like 321, is "stabilized" with a titanium
addition that preferentially forms TiC rather
than the Cr-rich M23Cg type of carbide; this
results in a material that is resistant to sensitiza-
tion effects. In addition, alloy 825 offers substan-
tial improvement to other forms of corrosion (pit-
ting, crevice, TGSCC) over 321 stainless steel.
Even 316L stainless steel has advantages over
that of 321 (improved resistance to localized cor-
rosion and comparable resistance to sensitization
because of the low carbon level and molybdenum
addition in 316L). Thus, the SCP prepared in
1986 lists three candidate austenitic materials
rather than the four that resulted from the Rus-
sell et al 1983 survey [ref 4]. The same three cop-
per-base material candidates that were discussed
in the 1985 copper feasibility report [ref 13]
remained. The terminology "reference alloy sys-
tem" was used for the iron to nickel-base aus-
tenitic materials (see Attachment B) and "alter-
native alloy system” was used for the copper-base
materials. Now there were equal numbers of can-
didates in the two alloy systems. These are the
resulting six candidate materials listed in Section
1.1.

3.8 Variants on Candidate
Materials

More recently, there are some indications
that a "variant" on the choice of unalloyed copper
might be more appropriate than the oxygen free
grade, CDA 102. This grade was originally
selected (see Section 3.5) to provide a link to the

Swedish program. However, quite different con-
tainer fabrication methods are being considered
in the two programs, and it now appears that a
deoxidized grade of copper, such as phosphorus
deoxidized CDA 122, may be a better choice. The
P addition is about 0.04% in the CDA 122 grade;
otherwise, the material contains no other inten-
tional alloying elements. Use of the deoxidized
grades avoids oxygen absorption during hot
working and welding operations. Oxygen forms
copper oxide inclusions in the pure metal that can
result in embrittlement or formation of water
vapor blisters if the metal is exposed to a
hydrogen-containing environment. Hydrogen
can be generated by radiolysis of water or water
vapor or by the slow electrochemical decomposi-
tion of water during the containment period. On
the other hand, the phosphorus deoxidized grade
appears to be more susceptible to ammonia-in-
duced stress corrosion cracking than the oxygen-
free grade of copper. However, since ammonia
generation does not appear to be a probable event
in the repository, this factor seems less impor-
tant. This question of which grade of unalloyed
copper to use in the selection process will need to
have quick resolution.

Variants of the more standard compositions
have been considered and tested before in the
Metal Barrier Task. Some work was performed
with different LN and nuclear grades of 304 and
316 stainless steel. These materials had low
carbon but were fortified with higher nitrogen
contents. Also, in some of them there were low
sulfur and phoshporus levels (and hence low in-
clusion count). These materials generally had
better performance than the standard grades
with regard to crevice corrosion resistance and
resistance to IGSCC (and probably TGSCC, as
well).

4.0 SUMMARY AND GENERAL PLANS

This paper has provided the history of how
the Metal Barrier Selection and Testing Task, in
conjunction with other tasks in the NNWSI
Project, has acquired the present set of six can-
didate materials. These six candidate materials
have been considered in the conceptual designs of
the waste package and have been described in the
NNWSI Site Characterization Plan (SCP), now
published as a Consultation Draft. Three of the
candidates are copper-base materials and three
of the candidates are iron- to nickel-base
materials with a predominant austenitic (fcc)
structure. The history was annotated to il-
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lustrate the important role of the candidate selec-
tion process on waste package and repository
design issues, on demonstration of containment
strategy, on development of the material testing
and evaluation efforts, on planning for the selec-
tion process for advanced design work, and final-
ly on planning the project milestones.

In the earliest part of the waste package
design effort, multiple locations for a repository
site at Yucca Mountain were under consideration
(1981-82). Emphasis at that time was on design-
ing a thick waste package for a repository located
below the water table; radiation self-shielded



designs were considered. Inexpensive cast irons
and steels were viewed as attractive candidate
materials for thick containers to attenuate the
radiation and to provide for a corrosion al-
lowance. An alternative design was to use a thick
steel container as reinforcment with an outer thin
shell of titanium as a corrosion resistant barrier.
The decision to locate the repository in the un-
saturated zone changed the container design and
material emphasis to one of using thin-walled
containers and corrosion resistant container
materials. Preparation of the "Orange draft" of
the NNWSI Site Characterization Report in early
1983 required nomination of reference materials
and conditions. Type 304L stainless steel was
selected as the design reference material for the
waste package container because of its excellent
oxidation resistance, good combination of
mechanical properties, wide availability,
amenability to multiple fabrication and closure
processes, and extensive industrial usage. A sur-
vey of 17 engineering metals and alloys reinforced
the choice of 304L, stainless steel and identified
other grades of stainless steel (316L and 321) and
a related nickel-base alloy (825) as alternative
candidates. These alternatives have similar
physical and mechanical properties to the
reference material and are more resistant to
various forms of localized corrosion and stress
corrosion cracking in aggressive environments.
At the request of DOE/HQ, copper and cop-
per-base alloys were reconsidered as container
materials in 1984. Specific copper grades and al-
loys were identified as candidates; the copper
producing industry was consulted through CDA
and INCRA. These organizations recommended
a list of candidate materials for the feasibility
evaluation, and they provided important infor-
mation on the properties of these candidates. In
the following two years, these materials were ex-
tensively evaluated and tested. The results of the
feasibility evaluation indicated that these
materials merited further study, and the copper-
base candidates were retained in the NNWSI
Project. The copper-base materials introduced
additional alternatives to the stainless steels and
the nickel-base stainless material, because the
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potential degradation modes and their causative
conditions were quite different for the two classes
of materials. Initially, there were five candidate
coppers and copper alloys; later this list was
reduced to three candidates (oxygen-free Cu,
CDA 102; 7% aluminum bronze, CDA 613; and
70/30 copper nickel, CDA 715).

Candidates from the iron to nickel base aus-
tenitic materials (stainless steels and stainless
alloys) and from the copper base system comprise
those under consideration for metal barrier con-
tainers and discussed in the NNWSI SCP that
was prepared in 1986-87. In preparing the SCP,
Type 321 stainless steel was dropped as a can-
didate material because all of its advantages were
shared by other austenitic candidate materials.
Thus, there remain three copper-base materials
(CDA 102, CDA 613, and CDA 715) and three
iron- to nickel-base austenitic materials (AISI
304L, AISI 316L, and Alloy 825). The SCP has
been currently released (1988) as a Consultation
Draft. The SCP describes a plan for evaluating
and selecting among these candidate materials
for advanced design work.

Present and near-future efforts call for
preparation of degradation mode surveys on the
candidate materials and establishment of a plan
for making the material selection based on a sys-
tem of previously agreed upon selection criteria.
The degradation mode surveys are now in draft
form [ref 23], and a short version of one survey
(on phase stability in the austenitic materials)
has been published [ref 24]. Along with the ex-
perimental work specific to the Yucca Mountain
site, these degradation mode surveys will provide
important input to the selection process. The
wider technical community will be consulted to
help in making this selection. QA Level I testing
and modeling activities on the selected container
material will then be launched for acquisition of
a defensible data base that will be presented as
part of the license application. This data base
will be obtained under environmental and metal-
lurgical conditions that are meaningful to actual
repository conditions and extrapolatable to
repository time frames.
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NOTE ON ATTACHMENTS:

We haye tried to provide the best available quality of document
reproduct}on of the various attachments. Please note that the
reproducylon'quality of attachments B, E, and F the attachment is poor due
to unavailability of the orginal letters and their continued photocopying
over subsequent years. Material in attachment C was retyped. Material in
attachments A, D, and G is available in reports and widely distributed
docgmegts; these should be consulted for additional explanation and
context.
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Table 1. Alloy compositions for candidate container materials (austenitic alloys)2.

Chemical composition (wt.%)

Common UNSP
alloy  desig- C Mn P S Si G Ni Other
desig-  nation (max) (max) (max) (max) (max) (range) (range) element
nation
304L $30403 0.030 2.00 0.045 0.030 1.00 18.00- 800- N:0.10
20.00 1200  max
316L S31603 0.030 2.00 0.045 0.030 1.00 16.00- 10.00-  Mo: 2.00-
18.00 1400 3.00
N: 0.10 max
825 N08825 0.05 1.0 not specified 0.03 0.5 19.5- 380- Mo:25-3.5
235 46.0 Ti: 0.6-1.2
Cu: 1.5-3.0
Al: 0.2 max

3 Information adapted from ASTM specifications A 167 and B 424; refer to ASTM (1984).

b Unified Numbering System; refer to SAE (1977).

Table 2. Representative mechanical properties for candidate container materials (austenitic

alloys)a.
Tensile strength  Yield strength  Elongation Reduction of area
(min) (min) (min) (min)
(MPa) (psi) (MPa) (psi) (%) (%)
304L (annealed) 483 70,000 172 25,000 30 40
316L (annealed) 483 70,000 172 25,000 30 40
825 (annealed) 586 85,000 241 35,000 30 not specified

2 Information adapted from ASTM specifications A 167 and B 424; refer to ASTM (1984).



Table 3. Alloy compositions for candidate container materials (copper and copper-base
alloys)a.

Common alloy UNSP Chemical composition (wt.%)

designation designation Cu Fe Pb Sn Al Mn Ni 2Zn  Other
CDA 102 C10200 9995 -- - = e= a- - - --
(oxygen-free (min)

copper)

CDA 613 C61300 927 35 -- 02- 60- 05 05 -- --
(aluminum (nom) (max) 0.5 8.0 (max)

bronze)

CDA 715 C71500 695 04- 05 -- -- 1.0 29.0- 1.0 --
(70-30 (mom) 0.7 (max) (max) 33.0 (max)

cupronickel)

2 Compiled from CDA Standards Handbook Data Sheets, Copper Development Association,

Greenwich, CT.
YUnified Numbering System; refer to SAE (1977).

Table 4. Representative mechanical properties for candidate container materials (copper and
copper-base alloys).

Common alloy Yield strength®  Tensile strength Elongation
designation/condition (ksi) (ksi) (%)
CDA 102
Hot rolled 10 34 45
Hard 45 50 4
CDA 613
Soft anneal 40 80 40
Hard 58 85 35
CDA715
Hot rolled 20 55 45
Half hard 70 75 15

4 0.5% extension under load. Compiled from CDA Standards Handbook Data Sheets, Copper
Development Association, Greenwich, CT.
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ILAWRENCE LIVERMORE I, ABORATORY

"NWM:LR 84-609

November 30, 1984

Or. Donald L. Vieth, Director
U.S. Department of Energy

Waste Management Project Office
Nevada Operations Office

P.0. Box 14100

Las Vegas, NV 89114

SUBJECT: Follow-up to Waste Package Reference Design Change
Recommendation (Action Item 84-34)

REF: Letter Ramspott to Vieth (NWM:LR 84-294) 6 June 1984
Dear Don:

During the discussion of the reference letter at the June TPO
meeting, you requested additional information on the recommended waste
package reference design changes. Due to the press of other activities,
this has not been addressed, and the delays in the SCP removed some of
the urgency. However, I apologize for our tardiness.

Although in our June presentation we suggested a switch to 316L, we
have subsequently decided to back away from a specific alloy as a
"reference" containment barrier material until we are technically
prepared to defend a recommendation for selection. This selection is a
major milestone (M265) now scheduled for 9/30/87. Until that time and
specifically for the EA and SCP, we plan to use the generic term
"austenitic stainless steel" to describe the reference material, with
"copper-based alloys" as the descriptor for the alternative material.

Aside from material cost-related considerations, no significant
differences have been identified among the candidate stainless steels
which would have a major impact on other project activities such as
repository facility designs. Therefore, rather than committing to any
particular alloy as a “"reference" in the SCP, and trying to explain later
why we changed our minds (if we did), we will be better off with the
generic terms until we have accumulated the data base to support a
specific alloy decision. The material testing program for the stainless
steels is not affected by this position, as we have been testing several
alloy candidates and will continue to do so. The copper alloy testing
program is just now getting started, but will be vigorously pushed for
the next two years to bring it to an information level where the
viability of these materials can be objectively assessed.

You specifically requested an indication of the impacts on the EA and

on funding of both the "reference" material change and the recommendation
to abandon "bare" glass pour canisters as a containment barrier.



With respect to the EA, the only waste form discussed is spent fuel
and therefore the glass pour canister issue is not important. The EA
text reflects the "austenitic stainless steel" terminolngy exceot where
specific reference is made to 304L corrosion data used in the
extrapolation of containment time projections.

From the funding viewpoint, the addition of an overpack to the glass
pour canisters has no significant effect on the material testing program
supported by the Waste Fund. The geometry and assembly considerations
are essentially the same as for spent fuel containers and will require
equivalent repository facilities and equipment for closure welding,
inspection, and handling. These overpacks are expected to cost 38 K
each. This will represent about $2.5 M for the 300 canisters of West
Valley glass. The cost to overpack the +7000 canisters of DHLW glass,
to be borne by Defense Programs, will be $50-60 M and is significant.
However, this is no more, and probably less, than they would cost in
either BWIP or salt where thick carbon steel overpacks are planned.

As we indicated in the reference letter, we do not know how we can
make a truly defensible case for use of bare pour canisters with the
time-temperature history approaching sensitization conditions and the
high residual stresses, at any price.

As indicated above, the stainless steel testing program, and its
projected cost, are essentially unaffected by the generic material
designation.

If further information on these topics is needed, please contact Lyn

Ballou or me.
o Mayil]

Lawrence Ramspott
LLNL Technical Project Officer

for NNWSI
LDR:LB:bb
cc: External Internal
M. Blanchard, WMPO/NV L. Ballou
W. Dudley, USGS J. Dronkers
J. Wright, W/EMAD L. Hansen
J. Fiore, SAI K. Knauss
T. Hunter, SNL D. McCright
M. Kunich, WMPO/NV E. Russell
D. Oakley, LANL V. Oversby
L. Scully, SNL M. Revelli
M. Spaeth, SAI H. Tewes
M. Valentine, WMPO/NV J. Yow, Jr.
M. Voegele, SAI
V. Witherill, WMPO/NV
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(FY-B3 Proposed Tasks)

Statements of Work July 8, 1982
R. D. McCright

THREE METAL BARRIER TESTING AND SELECTION

3.1 Corrosion Testing and Evaluation

This task concerns the measurement of the corrosion penetration rate, the
corrosion attack pattern, and determination of the corrosion rate laws which
prevail under repository relevant environmental conditions. These conditions
include steam and the native groundwaters plus modification to these
environments which are induced by emplacement of the waste package. These
modifications include thermally-induced changes in the environment,
radiation-induced changes, as well as chemical changes induced by the
corrosion products of the metal barriers. The task is divided into:

3.1.1 Corrosion of Irons and Steels as Overpack Materials

Conceptual designs specify cast irons as reference materials for the
self-shielded overpack and steels for reinforcement in bore-hole
overpack. Oxygen dissolved in the groundwater is expected to be the
major limiting factor in the corrosion performance of irons and
steels. The corrosion rate and rate laws are determined as a function
of oxygen, temperature, pH and . The presence of oxidizing

species, such as those generated during radiolysis of the steam and
groundwater may significantly influence the corrosion behavior of the
bore-hole steel barrier. Alloying the cast iron or steel may be
beneficial and its effect is determined. Long-term localized attack,
particularly graphitization of cast iron is explored. Stress corrosion
and hydrogen-induced cracking is addressed as a possible concern
especially in the welded regions.

3.1.2 Corrosion of Titanium and Ti Alloys as Overpack Materials

Conceptual designs use titanium grade 12 as the reference materials for
the outer shell in bore-hole overpacks. The corrosion performance of
titanium alloys is surveyed under repository relevant conditions to
determine possible failure modes o the thin shell. Corrosion in a
radiated environment is determined. Galvanic corrosion effects between
the titanium outer shell and steel reinforcement are surveyed and
gquantified, as a breach in the titanium may accelerate penetration into
the steel. Environmentally accelerated stress corrosion cracking and
hydride formation may significantly limit use of titanium.

Note: Because of the poor copy quality of the
original version, this has been retyped.
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3.1.4

3.1.5

3.2
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Corrosion of Alternative Materials as Overpacks

As a high degree of corrosion performance is demanded of the outer
shell, alternative materials to titanium are sought. These include
nickel-base alloys, copper-base alloys, and high-nickel stainless
steels. A survey of the corrosion performance of these materials is
determined in repository relevant conditions. Radiolysis effects and
galvanic coupling to steel are explored.

Corrosion of Canister Materials

While the canister is not primarily designed as a corrosion barrier,
the corrosion performance of this material presumably a 300 series
stainless steel) is determined. An accident may breach the outer
structural barriers.

Corrosion Mitigation Methods

The corrosion penetration rates of iron and steels may be reduced by
incorporation of pH or Ey buffers in the backfill. Passive cathodic

protection systems and oxygen getters may be useful as corrosion
preventive measures.

Mechanical Properties and Evaluation

The overpack should possess certain minimal strength, ductility, and toughness
requirements. This task defines these requirements and their influence on the
corrosion screening and material selection processes.

3.2.1

3.2.2

Relevant Mechanical Properties of Overpack Materials

The relevant mechanical properties of the different candidate materials
are defined and com piled over the temperature range of interest.
tnvironmentally sensitive properties are identified. In particular,
the lowering of the fracture toughness parameter, K;., for stress
corrosion and hydrogen embrittlement susceptible materials is

assessed. Long-term physical metallurgical, aging, and creep property
changes are surveyed and evaluated in terms of their influence on
mechanical properties and corrosion performance.

State of Stress Calculations

The state of stress is calculated on the outer package barrier and
takes into account the lithostatic, hydrostatic, and thermal stresses
(including any cyclical components), as well as the residual
fabrication stresses and stresses in and around the welded region.
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Fabricability of Candidate Materials

The scope of this task involves assessment of the fabricability of candidate
materials which are acceptable from a corrosion resistance and a mechanical
properties point of view. The task includes evaluation of the metallurgical
processes used for fabricating the containers as well as the joining process
for sealing the containers.

3.3.1

3.3.2

Any special problems created by the fabrication process and the effect
on the mechanical and corrosion behavior is determined. The affect of
imhomogeneities on the corrosion performance is assessed.

Welding Processes and Post-Weld Inspection

Welding procedures for the different candidate materials and designs
are surveyed. The compositional changes around welds where filler
materials are used are evaluated for their effect on corrosion
performance and changes in mechanical properties. The heat input and
resultant metallurgical, microstructual changes is determined for its
effect on the compositional, stress, and corrosion behavior patterns.
In particular the need for pre-weld and/or post-weld heat treatments
for thick sections in the self-shielded design will be addressed.
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Table 5. Estimated relative maximum corrosion rates for selection of candidate metals.? (See Table 3 for reference corrosion environment.)

Continuous air/water film

Material Moist air Corrosion mechanisms, rates (mils/yr),® probabilities Stress corrosion cracking
designation Steam condition General Pitting Crevice Intergran. Intergran. Transgran [, embrit.

or composition (mpy) (mpy) Rate Prob. Rate Prob. Rate Prob. Rate Prob. Rate Prob. Rate Prob. Rate Prob.
AISI 1020 steel 0.05 2 8 0.2 30 0.5 40 0.3
A537 steel 0.05 2 8 0.2 30 0.5 40 0.3
409 st. steel 0.02 0.1 0.8 0.55 5 0.3 25 0.1 80 0.05
26 Cr-1 Mo steel 0.02 nil 0.04 0.6 10 0.05 10 0.15 40 0.05 40 0.05 80 0.15
304L st. steel 0.02 nil 0.04 0.2 30 0.15 40 0.3 60 0.15 60 0.15 100 0.05
321 st. steel 0.02 nil 0.04 0.2 30 0.15 40 0.3 30 0.15 30 0.15 100 0.05
316L st. steel 0.02 nil 0.04 0.3 10 0.1 15 0.25 60 0.15 60 0.15 100 0.05
3171 st. steel 0.02 nil 0.04 0.4 5 0.05 8 0.20 60 0.15 60 0.15 100 0.05
Nitronic 33 0.02 nil 0.04 0.2 30 0.15 40 0.3 60 0.15 40 0.15 100 0.05
JS 700 0.02 nil 0.0 0.2 3 0.15 6 0.3 40 0.15 40 0.15 30 0.05

Ferralium 255 0.02 nil 0.04 0.3 10 0.1 15 0.25 50 0.15 50 0.10 100 0.05 80 0.05
Incoloy 825 0.02 nil 0.04 0.6 2 6.1 4 0.15 30 0.05 30 0.05 100 0.05
Inconel 625 0.02 nil 0.04 0.7 1 01 2 0.1 30 0.05 30 0.05
Ti Code 2 0.02 nil 0.04 0.8 1 0.05 2 0.05 200 01
Ti Code 12 0.02 nil 0.04 0.8 0.2 0.05 0.5 0.05 200 0.1
Zr 702 0.02 nil 0.04 0.8 0.2 0.05 0.5 0.05 200 0.1
Cu-Ni 30 0.02 0.06 0.2 0.3 0.6 0.3 1.6 0.3 20¢ 0.1° '

? Data not to be used for prediction of corrosion rates.

® To convert mils/yr to gm/yr, multiply by 25.4.

¢ Dealloying phenomenon.



Table 7. Estimated costs of candidate metals.

Raw material

Manufacturing cost

cost (plate) for 1/2-in. wall- Total cost
Material ($/in.%? welded pipe ($/in.%)? ($/in.Y
AISI 1020 steel 0.1 0.2 0.3
A537 steel 0.1 0.2 0.3
409 Ti stabil. st. steel 0.3 0.3 0.6
26 Cr-1 Mo steel 1.1 0.3 1.4
304L st. steel 0.4 0.2 0.6
321 st. steel 0.5 0.2 0.7
316L st. steel 0.5 0.2 0.7
317L st. steel 0.6 0.2 0.8
Nitronic 33 st. steel 0.4 0.2 0.6
JS 700 st. steel 1.0 0.3 1.3
Ferralium 255 st. steel 0.7 0.5 1.2
Incoloy 825 1.2 0.5 1.7
Inconel 625 2.6 0.5 3.1
Ti Code 2 1.6 0.5 2.1
Ti Code 12 1.8 0.5 23
Zr 702 35 0.6 4.1
CDA 715 (copper-nickel 70/30) 1.0 0.4 1.4
*To convert $/in.” to $/cm?, multiply by 6.1 X 10°2.
Table 9. Weldability parameters for candidate metals.’
Non-
Low econ.
Material Special  Post- weld, Non- Non- rel.
designation interpass heat Special HAZ® standard standard to AISI Special
or composition Preheat temp. treat atm.  toughness process NDE 304 fit-up
AISI 1020 steel 0 0 0 0 0 0 0 0 0
AS537 steel 0 1 0 0 0 0 0 0 0
1409 Ti stabil. st. steel 1 1 1 0 1 0 0 1 0
26 Cr-1 Mo st. steel 0 0 1 1 1 0 0 1 1
304L st. steel 0 0 0 0 0 0 0 0 0
321 st. steel 0 0 0 0 0 0 0 0 0
316L st. steel 0 0 0 0 0 0 0 0 0
317L st. steel 0 0 0 0 0 0 0 1 0
Nitronic 33 st. steel 0 0 0 0 0 0 0 1 0
JS 700 st. steel 1 1 1 0 0 0 0 1 1
Ferralium 255 st. steel 0 1 0 0 0 0 0 0 1
Incoloy 825 0 0 0 0 0 0 0 1 1
Inconel 625 0 0 0 0 0 0 0 1 1
Ti Code 2 0 0 0 1 0 0 0 1 1
Ti Code 12 0 0 0 1 1 0 1 1 1
Zr 702 0 0 0 1 1 0 0 1 1
CDA 715 (copper-nickel 70/30) 0 1 0 0 0 0 0 1 1

! Yes (1) or no (0) special problems.

® Heat-affected zone.



Table 8. Mechanical properties of candidate metals.

Tensile strength

Yield strength
at 800°C

Elongation (%)

Nil ductility

Fracture toughness

minimum temperature (°C) minimum at —18°C
Material (ksi)* (ksi)* static for 1/2-in.-thick plate {(Er-1b)* (ksi-in.""2)°

AIJSI 1020 steel 60 8 30 -18 8 -

A537 steel 80 8 22 —30 40 107
409 Ti stabil. st. steel 70 5 25 -29 20 -

26 Cr-1 Mo steel 70 7 20 —18 20 -

304L st. steel 80 12 40 <-—148 100 142
321 st. steel 85 13 40 <-—148 90 129
316L st. steel 80 13 40 <—148 110 150
317L st. steel 80 18 40 <-—148 100 156
Nitronic 33 115 20 40 <-148 43 123
JS 700 85 19 40 <-—148 100 147
Ferralium 255 124 25 25 —-18 100 -

Incoloy 825 95 23 30 < -148 78 150
Inconel 625 135 45 40 <--148 H 130
Ti Code 2 50 1 21 < -—-148 30 65
Ti Code 12 70 3 18 - 18 11 35
Zr 702 55 1 16 -18 11 35
CDA 715 (copper-nickel 70/30) 44 17 37 <-148 113 -

* To convert ksi to MPa, multiply by 6.9.
*To convert ft-Ib to joules, multiply by 1.36.
“ To convert ksi-in.'’? to MPA-m'/%, multiply by 0.18.
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Department of Energy

Nevada Operations Office /7(,{,(]4 ( ¢ LE

P. O. Box 14100
LLas Vegas, NV 83114-4100
\Ji ¢

mEY L5 1964

Ralph Stein, Acting Deputy Associate Director, Geologic Repository Deployment,
DOE/HQ (RW-21) GTN

DOE POSITION RELATIVE TO THE USE OF COPPER AS THE WASTE PACKAGE MATERIAL

In response to your request, the following represents our proposed position
regarding the use of copper as a waste package containment barrier material.

Consistent with the current direction on exploring the use of copper as a
waste package material and the pending H.R. Bill 5369, we are aggressively
addressing this issue. We are currently developing an R&D program which could
be as large as $1M in FY 1985 and $2M in FY 1986 in anticipation of the
passage of the bill and the appropriate funding being made available.

A meeting to identify the issues and to obtain input from representatives of
the copper industry was held at Lawrence Livermore National Laboratory (LLNL)
May 10, 1984. The meeting was attended by the following:

L. B. Ballou - Lawrence Livermore National Laboratory (LLNL)

R. D. McCright -~ Lawrence Livermore National Laboratory (LLNL)

D. T. Peters - International Copper Research Association (ICRA)
K. J. Kundig - Consultant to Copper Development Association (CDA)
M. D. Valentine - U. S. Department of Energy (DOE)

The potential issues are identified in the enclosed draft "Consolidation of
Copper as a High-Level Nuclear Waste Containment Material" by R. D. McCright
(LLNL), and were discussed at the meeting. Comments and suggestions were
requested from the representatives of the two associations. They have agreed
to provide their comments by the end of May.

We expect that they will be involved in the evaluation activities that we plan
to undertake. They have indicated that they are prepared to assist in the
activities and are amenable to accepting DOE funding.

Based upon feedback from ICRA and CDA, LLNL will further define a material
evaluation program to thoroughly investigate the ability of copper to
effectively serve as a waste package material in a tuff environment.
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inosuammnary, we (DOE/NV) intend to vesponl enthosiastically and with an open

mind to consider copper as a potential waste package material; we will
that Mr. Hodel's pledge to Mr. Udall will be carried out, 1If, after
copper emerges as a technically acceptable

assure

conducting our evaluation program,
material, its overall acceptability could then be considered from economic and
This point will also be important to the State

other points of view as well.
the local

of Nevada since it is also a producer of copper. Unfortunately,
mines and smelters have recently been closed by the poor economics of the

copper market in the United States

Should you require additional information, please advise me.

it 7 Voo

;fof; L. Vieth, Director

WMPO:VFW-824 Waste Management Project Office

Enclosure:
As stated

cc wjencl: _
L. D. Ramspott, LLNL, Livermore, Chedpe—"w!
NNWSI Project File

W. W. Dudley, USGS, Denver, CO

D. T. Oakley, LANL, Los Alamos, NM

T. O. Hunter, SNL, 6310, Albq., NM

A. R. Hakl,vE, Mercury, NV

1. E. Spaeth, SAI, Las Vegas, NV



CONSIDERATION OF COPPER AS A HIGH-LEVEL NUCLEAR WASTE CONTAINMENT MATERTAL

s DRAFT

9 May 1984

Consideration of copper as a container material to hold high-level nuclear
wastes in geological disposal raises the following three general issues: (1)
compatibility of copper with processes proposed for fabricating and handling
the waste form and metal containers, (2) compatipility of copper with the
physical and chemical environment in the geological repository, and (3)
compatibility of copper with other components in the nuclear waste package.
These three general issues will be developed in the following paragraphs.

(1) Compatibility of copper with processes proposed for fabricating and
handling the waste form and metal containers

Present conceptual waste package designs incorporate different processes
for each waste form. For defense and commercial high-level wastes, molten
glass is poured into a metal canister and the canister welded closed by an
autogenous process. For spent fuel packages, the clad fuel rods are
encanistered and the canister welded closed by an inert gas arc process. Just
prior to closure, the spent fuel canister is filled with an inert gas.

Present conceptual waste package designs consider 304L stainless steel as
reference canister material with other austenitic alloys as alternatives.

Consideration of Cu or Cu-base alloys for fabricating nuclear waste
containers suggests the following technical concerns in the nuclear waste

package process operations:

(a) The yield strength of copper and cupronickels are, respectively, about
one-third to one-half that of 304L stainless steel (all materials compared in
the fully annealed state). The density of copper is about 15% greater than

For handling considerations, the container material
Thus,

that of stainless steel.
must have sufficient impact strength to survive a 10-meter drop test.

E-3



compared to stainless steel, a thicker section of copper or a copper-base

alloy will be required. A corrosion wastage allowance may be neeaed to

overcome the expected higher corrosion rates of Cu in oxidizing environments.
The result of all these factors is a substantially heavier, thicker, and more

costly container.

(b) Copper presents some concerns in welding. For arc-welding of thick
sections, the high thermal conductivity of Cu requires a high heat input.
This results in a large heat-affected zone around the weld with grain growth
Special
The

and tendency toward oxygen pick-up and hot shortness in the weld.
attention must be paid to oxygen as an impurity in the shielding gas.
phosphorus-deoxidized grades (CDA 120) and the cupronickels (CDA 706 and 715)

are generally more readily welded by inert gas arc processes. Autogenous weld
processes may be used but the problem may be attaining a full penetration weld

of a thick cross section (one to several cm). For the final closure weld the

process must be performed and inspected remotely and these operations appear

to be more problematic with a thicker section to weld.

(c) Copper is often joined by brazing. Brazing can join thick sections.
While at first this may seem to present difficulties because of ga]vanié
differences petween the braze metal (often silver-base) and the base metal,
the two metals may in fact be compatible. In a coupled situation, the braze
metal would be expected to act as the cathode so that the area ratio of
cathode to anode is small and any corrosion of the anodic member would be
distributed over a large area. The possible interaction between base and
braze metal would need to be investigated for brazing to be considered as a

viable joining process.

(d) The present process developed for casting vitrified reprocessed waste
uses a pour canister of 304L stainless steel. This material was selected on
the basis of its excellent oxidation resistance in air at temperatures
developed on the canister surface during pouring (400-600°C). The minimal
amount of scale formed on the canister during pouring and cooling operations
(24-30 hours) minimizes the amount of surface decontamination. With a less
oxidation resistant metal 1ike copper, the amount of scale and subsequent

decontamination may present problems in transporting and handling a

DPEFT



contaminated canister surface. The amount of clean-up required may abusively
work the surface. A further consideration is that with the present process
the temperature of the molten glass strikes the canister at 700-800°C. This
is a high temperature with regard to copper (MP 1083°C) so that some
deformation of the inner canister surface may be expected. Clearly,
consideration of copper as a pour canister will involve a review of the glass
casting procedure. The higher mechanical properties and expected better
oxidation resistance of the cupronickels may make these materials more
attractive as pour canister materials. If not used as the pour canister,
copper could be used as the overpack around a stainless steel pour canister.
In this arrangement, consideration in the repository design should be given to
an overall larger waste package. Another consideration - to be discussed in

3c - is the possible detrimental interaction between the outer Cu container

and the inner stainless steel container.

(e) Retrievability of spent fuel waste packages is an option for the first
50 years of repository operation. Deformation by creep of a low-strength,
Tow-modulus of elasticity material such as copper at storage temperatures of
200-250°C during the 50-yr period may resulf in subsequent handling problems

if the retrievability option were exercised|

(f) Borenhole liners are needed if the retrievable waste packages are
horizontally emplaced. Carbon steel is the principal candidate for lining
boreholes. Were a carbon steel liner used and it corroded, the corrosion

+++ . ' .
products (Fe principally) may so accelerate corrosion of a copper

canister.

(g) Quite different container forming operations could be pursued for
copper. An example is the Swedish KBS design for hot isostatic pressing of a
copper shell onto a spent fuel rod assembly filled with copper powder to form
a solid spent fuel package. The cost of forming, transporting, and emplacing
such a large and heavy package would need to be reviewed relative to the
present conceptual designs for spent fuel canister fabrication, package

assembly, and package emplacement.



(2) Compatibility of copper with the physical and chemical environment in the

geological repository

This issue is centered around the integrity of the copper container to
withstand the physical and chemical environment and insure essential
containment of the nuclear waste for the first 300-1000 years. The issue
considers the possible failure and degradation modes that a copper container
may encounter during this period and an assessment of the probability that
these failure/degradation modes operate. For a repository located in the
unsaturated zone in tuff, the dominant environments are steam/air mixtures.
The surface temperature of the container remains above 95°C (boiling point of
water at the proposed repository elevation) for long periods of time (10s to
100s of years). Water intrusion into the waste package environment is
possible after the temperature has cooled below the boiling point. Gamma
radiation emanating from the waste form can produce radiolysis-induced changes

in the environment.

The performance of copper needs to be investigated particularly as it
applies to specific environmental conditions for a repository in tuff.

Specific items heeding investigation are enumerated below:

(a) During the long period when the environment is comprised of air/steam
mixtures, the surface temperature on the container ranges from 95-250°C. The
time-temperature profile depends on several waste package and repository
design features. Oxidation of the copper container in irradiated steam/air
mixtures is the degradation mode in this period. Depending on the radiation
dose rate, the irradiated environment may produce oxides of nitrogen (such as
N02, N204, N205) and anhydrous HN03, all of which may enhance the oxidation
rate of the copper container.

(b) When resaturation of the waste package environment is possible, the
entering water is believed to be oxidizing in nature (6 ppm dissolved 02, 10
ppm NO&). Radiolysis of the water may make the environment more
oxidizing by production of such species as nitrate ion, nitric acid, nitrite
ion, nitrous acid, hydrogen peroxide, and oxygen. These strongly oxidizing
species are known to produce general corrosion rates on the order of 10 um/yr

CRAET



to several cm/yr, depending on the temperature and concentration of these

species in aqueous solution.

(c) Ammonia can be produced at least initially in the radiolysis cf

aerated aqueous solutions. Ammonia is corroSive to copper even in sméll

concentrations and can cause stress corrosion cracking of many Cu-base alloys.

(d) Cu and Cu-base alloys undergo localized corrosion (pitting, crevice
attack) in certain aqueous environments including domestic water supplies. A
particular corrosion phenomenon associated with several copper alloys is

selective leaching of the less-noble constituent.

(e) Cu-base alloys such as the 90-10 cupronickel (CDA 706) and 70-30
cupronickel (CDA 715) may offer greater general corrosion resistance in
oxidizing environments than the relatively pure coppers such as electrolytic
tough pitch (CDA 100-116), oxygen-free high-conductivity grades (CDA 101-107),
and phosphorus deoxidized grades (CDA 120-122). On the other hand, the
non-alloyed coppers are effectively immune to stress corrosion cracking and to

selective leaching mechanisms.

(3) Compatibility of copper with other components in the nuclear waste package

This issue is centered around possible detrimental effects of a copper
container on the performance of other components in the waste package,
particulariy the performance of the waste form in meeting the 10,000 year
isolation objectives on release of radionuclides. Breach of the copper
container by corrosion or by some other failure mode can allow transport of
the repository environment to the inner components of the waste package. If
water is present in the repository environment, corrosion products from the
copper may be transported to the inner components of the waste package.

Therefore, the following items should be considered:

(a) Interaction between copper and the aqueous environment with'regard to
the solubility of copper corrosion products in this environment.



(b) For spent fuel packages, reaction of copper corrosion products with
Zircaloy cladding on spent fuel elements may accelerate failure of the
cladding. There is evidence that Cu++ may cause stress corrosion cracking
of the Zircaloy with a consequent increase in the release rate of fission
products from the spent fuel. The specific reaction of copper .ons and UO2
is not known and needs to be investigated. The ability of copper and uranium

to form highly soluble complex ions must be addressed.

(c) For vitrified reprocessed waste form packages, the reaction of copper
corrosion products with the glass and subsequent leaching of radionuclides is
not known and needs to be investigated. In the case where a copper overpack
surrounds a stainless steel pour canister, an early failure of the outer
container may accelerate an early failure of the inner container as cw't s
known to provoke pitting attack on austenitic stainless steels.

LandAE'Y
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copper development

association inc

Mailing Address:
Greenwich Office Park 2, Box 1840, Greenwich, CT 06836-1840  TELEX: 643784 CDAGARC {203) 625-8210

June 15, 1984

Mr. R.D. McCright

Lawrence Livermore National Laboratory
Mail Station L396

University of California

P.O. Box 808

Livermore, California 94550

Dear Mr. McCright:

Copper for Nuclear Waste Canisters

Continuing the discussion and correspondence begun when
Dale Peters and Konrad Kundig visited you on May 10, this
letter summarizes our current best judgement as to which
copper metals merit inclusion in your investigation of copper
for nuclear waste disposal canisters in the tuff environment,

Copper and its alloys are ideal candidates for the
canister application. Copper is essentially a noble metal in
the galvanic series; that and the fact that its alloys form
passive, protective films are the basis of successful
applications in a wide range of corrosive environments. The
copper metals provide mechanical properties ranging from the
moderate strength and maximum ductility of copper itself to
strength equivalent to heat treated steels in precipitation
hardened compositions. Copper and its alloys are routinely
fabricated by the full range of commercial processes. The
U.S is essentially self-sufficient in copper and the main
alloying elements are available in North America.

Five Candidates

After review with our industry task group, we believe
there are five standard alloys which have the potential to
perform well as the canister material in the tuff
environment:

Copper No. Cl10200, Oxygen-Free Copper.
Copper Alloy No. C17200, Beryllium Copper.
Copper Alloy No. C18100, M2C Copper.

Copper Alloy No. C61300, Aluminum Bronze.
Copper Alloy No. C71500, Copper-Nickel, 30%

U e W N =
* * o

CDA Sstandards Handbook data sheets on each of the candidates

F-1
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are enclosed. (We will send you additional data on alloys 2
and 3 above in a few days. These were not covered in the
data forwarded by Melanie Pascale's letter of May 18.)

All of the alloys are in large-scale commercial use and
for each there are examples of satisfactory performance under
demanding conditions.

Copper C10200 is widely used in electrical and
electronic applications as products ranging from thin strip
and fine wire to extremely heavy sections and plates for
particle accelerators. Oxygen-free copper, chosen for the
Swedish disposal canisters and approved by the U.S. National
Academy of Sciences, is included to provide a link to that
program and a base line for comparing all the alloys.

Alloy C17200 is a precipitation-hardenable alloy that
can achieve very high yield, creep and fatigue strengths and
offers excellent corrosion resistance. It has been used
successfully as repeater housings for transatlantic undersea
cables. Of the five candidates, C17200 is the only one
having a higher yield strength than Type 304 stainless steel.

Alloy C18100 is an oxygen-free material with small
additions of magnesium, zirconium and chromium to achieve
high strength through cold work and aging. It has the same
virtues as oxygen-free C10200 and retains yield strengths
above 50,000 psi at elevated temperatures. Although a recent
development, MZC is being used on a large scale in fusion
reactor prototype development work.

Alloy C61300 is an aluminum bronze that offers excellent
resistance to high temperature oxidation. It is widely used
commercially in mildly oxidizing environments at elevated
temperatures, such as potash crystallizers and molds for
glass container production.

Alloy C71500, 70-30 copper-nickel, is chosen for its
excellent corrosion resistance in aggressive environments.
For example, the alloy gives good service in seawater
desalination plants and in power plant condenser air removal
sections where it is exposed to steam environments
contaminated with ammonia and other corrosive non-condensible
gases. It is used at still higher temperatures in power
plant feedwater heaters.

Fabricability

All five of the alloys can be readily worked and can be

F-2
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joined using conventional commercial processes (see enclosed
data sheets) as well as by diffusion bonding and electron
beam welding. We forsee no difficulties whatsoever in
fabricating a canister from any of these copper metals apart
from the engineering development required (whatever the metal
involved) to accomplish this in the nuclear waste canister
context,

Suggested Research & Development

In view of the extensive knowledge and experience
available on the five candidate materials, we think you
should by-pass other considerations and concentrate your
initial efforts on the single question of corrosion
resistance under the anticipated service conditions. The
combination of high temperature, oxidizing species, and
radiation creates a harsh environment, We believe the most
conclusive experiment is one that tests the metals in a
simulated tuff repository environment, including radiation.

We in the copper industry would be glad to work with you
in more detail in planning and setting up your experimental
program and in locating needed materials and facilities,
Please contact us if we can provide additional information.

Sincerely,

W. tuarsYE}man
Senior Vice President
Technical & Market Services

WSL/11p
Enc.

cc: Mr. Donald E. Vieth
Mr. Dale T. Peters



COPPER No. 102 (oxyGEN FReE)

Compotition — percent

Nominst | Minimum | Msximum

Copper (incl. Silver)
Residual Deoxidants e

Physical Properties I English Units

Melting Point (Liquidus)

Melting Point (Solidus)

Denuty

Specific Gravity

Coefficient of Thermal Expansion

Coefficient of Thermal Expansion

Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity (Annealed)
Electrical Conductivity® (Annealed)
Thermal Capacity (Specific Heat)
Modulus of Elasticity (Tension)
Modulus of Rigidity

® Volume Basis

Nearest Applicable A S T M Specifications

[ ]
Flat Products § B48,B133,Bi52,B187,
B272, B370, B432
Pipe | B42,BISS
None Rod | BI12,B49,Bl24,B133,B187
Shapes B124,B133, 8187
Tube | B68,B7S,B38,Bl11,BI8S,
B280, B359,B372, B39S, B44?
Wire Bl, B2, B3, B33, B47, Bl 16,
B89, B246, B286, B298, B35S
€. G. S. Units
1981 F 1083 C
1981 F 1083 C
J23 bjcu in @68 F 8.94 gm/cucm @20C.
8.94 8.94
0000094 per°F from68 F to 212 F 0000270 per*C from 20C 10100 C
0000096 per*F from68 F to 392 F 0000173 per°C from 20 C 10200 C
0000098 per*F from 68 F to $72 F 0000177 per*C from 20 C to 300 C
226 Btu/sq ft /ft [hr 'F @68 F 934 cal/sqcm /cm /sec *C @20 C
10.3 Ohms (circ mil /ft )@ 68 F 1.71 Microhm<m @20C
10l % IACS@68 F 586 Megmhocm @ 20C
092 Btu/Ib°F @68 F 092 cal /jgm I°C @20C
7,000,000 psi : 12,000 Kg/sq mm
6,400,000 psi 4,500 Kg/sq mm

Typical Uses

ELECTRICAL: bus bars and bus conductors, and other electrical conductors,
wave guides, copper to glass seals in electronic appliances

Capacity for Being Cold Worked. . . . .
Capacity for Being Hot Formed . . . . .
Hot Forgeability Rating (Forging Brass = 100)

Hot Working Temperature . .

Common Fabrication Processes

Blanking, coining, coppersmithing, drawing, etching, forming and bending,
heading and upsetting, hot forging and pressing, piercing and punching, roll
threading and knurling, shearing, spinning, squeezing and swaging, stamping

Annealing Temperature . ... ... 700-1200F or 375-650 C

Machinability Rating (Free Cutting Brass = 100)

Fabrication Properties

The vatues listed sheve represent

L] e

......... Excellent Suitability for being joified by:
......... Excellent Soldering. . ......................... Excellent
-------- 85 Brazing .................cvvuuee...Excellent
.. 1400-1600 F or 750-875 C Oxyacetylene Welding. . . .................. Fair
Gas Shielded Arc Welding .. .............. Good
....... 20 Coated Metal Arc Welding ..... Not Recommended
Spot ........ Not Recommended
Resistance Welding Seam........ Not Recommended
Butt . .................. Good
F-4
ble eppreaimeri irable lor g ne vee. Due 10 n ond
. thay thouwid net be vied for iti Soe licable A.$.7.M. specif roloronces.
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Forms and Tempers

COPPER No. 102 (Continveq)

Anneslad Tempers

Rolled or Drawn Tempens

Most Commonly Used

Strip, Rolled
Stnp, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled
Bar, Drawn

Sheet

FLAT
PRODUCTS

1. DRAWN - GENERAL PURPOSE temper is used
for genersl purpose tube omly, usually where these
. & no real requirement for high strength or hardness on
the one hand or for bending qualities on the other.

2. HARD DRAWN temper is used
only where these is need for s tube
as hasd or as strong as s commers-
cially feasible for the size in question.

Finished
Tompers

3. LIGHT DRAWN - BENDING temper is
used only whese s tube of some stiffness, but
yet capable of readily being bent (or other-
wise moderately cold worked) is needed.

Mechanical Properties Yield Strength Elongs-
Tensile (5% Ext. ton Rockwell Shaer Fatigue
Strength | under Load)] (.2% Otfsst}} n2in. | Merdness | Strength Srength
Form Miltion
[ T ksi [ ] Cydes
PROD{:JI'(',’ATE 050mm ......... 328 {(l)g p pt: - = 2%.0 ii’o e
025mm ... ...... . . - - . 11.
ighth Hard . - . .... 36.0 280 3 60 10 2§ 558 cans IOO
uarter Hard . ... .. 38.0 300 25 7C 25 36} 25.0 e ceas
alf Hard . ... ..... 420 36.0 14 84 40 50| 260 130 100
Hard............. 50.0 450 6 90 50 S7] 280 130 100
Spnung_ . .......... 55.0 50.0 4 94 60 63} 290 140 100
Extra S%nn ...... $7.0 530 4 95 62 64] 290 eenn een
As Hot Rolled ..... 340 10.0 45 45 - -] 230
.250in. 1 OSOmm.......... 320 10.0 S0 40 - -| 220
Eighth Hard . . .. ... 36.0 280 40 6010 -] 250
rierHard . ..... 38.0 300 3s 7025 -] 250
d. ... $0.0 450 12 90 50 -] 28.0
. As Hot Rolled ..... 320 100 S0 40 ~ -] 220
1.0in. fd . 450 40.0 20 8545 -] 260
ROD R 1.0in. 0SOmm ......... 320 100 55 40 - -] 220 e .-
.250in | Hard (40%) ....... §5.0 0.0 10 94 60 -1 290 el ce..
1.0in. Hard (35%) ....... 480 440 16 8747 -1 270 170 100
2.0in. Hard (16%) ....... 450 40.0 20 8545 -] 260 . ceens
1.0in. As Hot Rolled .. ... 320 100 §5 40 - -] 220
WIRE .080in. | OSOmm ......... 35.0 e 35e ~ - <] 240
Hard ............ §5.0 1.5%¢|- - -1 290
Spning ........... 66.0 ... 1.5°*1- - -] 330
TUBE J10in.OD] 050 mm ......... 320 10.0 45 40 - -} 220
X .0651n] 025 mm ......... 340 11.0 45 45 - -1 230
Light Drawn (15%). . | 40.0 320 25 77 35 45)] 260
Hard Drawn (40%).. | 55.0 50.0 8 95 60 63] 29.0
SHAPES .500in. J.OSOMmM ......... 320 100 SO 40 - -] 220
Hard (15%). ....... 40.0 320 30 - 35 -1 260
As Hot Rolled .. ... 320 100 S0 40 - -| 220
As Extruded....... 320 10.0 50 40 - -1 220
® Elongation in 10 inches. *¢ Elongation in 60 inches.
The veives listed above reos ble epsrea: ivgble ter g | ongi ing wse. Due re il veri L ond
o ! hey shauid net be med for ' »o Soe licoble A.5.7.4. apecitication reforsnses.

‘e I~y
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COPPER ALLOY Nos. 172 and 173 (8£RvLLIUM COPPER)

Composition — percent

Copper Alloy No. 172 Copper Alloy No. 173
Noming! | Minemum | Meximum | N t | M Ms
S -_—

Copper | 98.1 91.2

Beryllium 19 1.80 2.00 1.9 130 200

Lead 40 .20 K )

Nickel + Cobalt .20 .20

Ni+ Fe+Co 6 6
Coger tincl. Ag)
+ Elements mith

Specific Limits 99.5 ‘e R 99.5

Noearest Applicable A S TM Specifications
-

—

Cosper ANey Copper Attey

No. 172 No. 173
Flat Products B194,.B196 B1%6
Pipe .
Rod B196 B196
Shapes
Tube
Wire Bl197

Physical Properties I English Units | €. G. § Unis

Melting Point (Liquidus)

Melting Point (Solidus)

Density

Specific Gravity

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity (Annealed)
Electrical Conductivity ® (Anncaled)
Thermal Capacity (Specific Heat)
Modulus of Elasticity (Tension)
Modulus of Rigidity

*[n the precipitation hardened condition
**Volume Basis

1800 F
1590 F
298 Ib /cu in @68 F
8.26
per*F from68 F to 212 F
per°F from68 F 10392 F
0000099 per*F from 68 F to S72 F
62-75 Btu /sq ft /It /hr |'F @68 F
- 46.2 Ohms (circ mil /ft )@ 68 F
22%IACS@68 F
JOBtu/lb°F @68 F
18,500,000 psi
7,300,000 psi

Typical Uses

980 C

865 C

8.26 gm /cucm @20C.

8.26

per°C from20C to 100 C
per°C from 20C to 200C
per*C from20C to 300C
cal /sq cm /cm /sec PC@20C
Microhm-<cm @20C
Megmho<m @ 20C

cal /gm /°C @20C

Kg /sq mm

Kg /sq mm

.0000178
.26-.31
7.68

128

.10
13,000
5,000

HARDWARE: Bellows, bourdon tubing, diaphragms, fuse clips. fas-
teners, lock washers, springs, switch parts, relay parts,
electrical and electronic components, retaining rings,

roll pins

INDUSTRIAL: Valves, pump parts, spline shafts, rolling mill parts,

welding equipment

Common Fabrication Processes

Blanking, drawing, forming and bending, turning, drilling, tapping

Fabrication Properties

Capacity for Being Cold Worked. . .............. Excellent Suitability for being joined by:
Capacity for Being Hot Formed .. .........ccc..... Good Soldering . ... ..........uu.... Good
Hot Forgeability Rating (Forging Brass = 100} Brazing ........... Good

Copper Alloy No. 172 . ... . .............. ) Oxyacetylene Welding . ... ...... Not Recommended

Copper Alloy No. 173 ._...... Not Recommended Gas Shiclded Arc Welding . ................. Good
Hot Working Temperature. .. ... 1200-1500 F or 650-825 C Coated Metal Arc Welding . . ....... ... . .. Good
Annealing Temperature .. .... 1425-1475F or 775-800 C Spot. ... ...l Good
Machinability Rating (Free Cutting Brass = 100) Resistance Welding Seam. ... ... ... ........... Fair

Copper AlloyNo. 172 ...........c.cveunnne. 20 Butt .. ...l Fair

Copper Alloy No. 173 . ... .. ... ceiiennnns S0

The veluen listed sbeove represem ble appr . irable for ¢ » ing vsa Dve te ol veriet in ord
" o wng li they shovid net be maed for specificorion purpeses. See epplicable A.S.T M. weuiticarion relerences.
(Continurd oa ather sade) 57
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COPPER ALLOY Nos. 172 and 173 (continued)

Forms and Tempers
Most Commonly Used

Strip, Rolled
Strip, Drawn
Flat Wire, Rolled
Flat Wure, Drawn
Bar, Rolled
Bar, Drawn

Sheet

FLAT
PRODUCTS

Annesied Tempers

Nomins! Grein Size mm

Roled or Drawn Tompen
Finished

Yompers

.............................................................. JORIR
.................. L R O ] I
.................. L I S
ORISR o
.................. L Y T NP RN
.................. I I
................. L I e LR R T RUPIPIN SIPIPIIPIN S
e o RPN [

1. DRAWN — GENERAL PURPOSE temper is used

for general purpose tube only, ususlly where there

is no real requisrement for high strength or hardness on

the one hand or for bending qualities on the other.
4. Solution Heat Treated

Mechsnical Properties

2. HARD DRAWN emper is used
only where there is need for a tube
as hard or as strong as is commes-
cially feasible for the size in question.

3. LIGHT DRAWN - BENDING tecmper b
used only where a tube of some stiffnens, but
yet capable of readily being bent (or other-
wise moderately cold worked) is necded

§. Special Mill Processing and Precipitation Treatment.

F-7

Size Tonsile Yisld Strength Elongstion Rockwell Fatigue
Form Secri0n Tomper Sarongth 2% Offsat n2" Hardnem Strongth
Mitiion
ksi kei % 8 7 C el Cycims
' " ' " (] (1] ' " ' ' n " ‘
o M
FLAT §Under .188 in. A AT | 700 [175.0 320 155.0 45 6 |60 |58 |38 | 36.0 100
PRODUCTS ¥H] %HT | 800 |185.0 70.0 165.0 25 4 |80 |70 |40 ] 400 100
wH| %HT | 920 |195.0 82.0 175.0 15 3192 {77 |4a] 440 100
H HT {1100 | 200.0 | 1040 180.0 S 2 199 [8] 42 | 445 100
AM - |105.0 82.0 20 - |- - 120 ] ....
%HM - ]115.0 92.0 17 -1~ - 123
%“HM - |128.0 1050 18 - |- - |27
HM - 11420 1220 12 - |- - 132
XHM - ]168.0 148.0 7 -1- - 37
XHMS - |182.0 160.0 6 -1- - 13
ROD J Al A AT | 68.0 178.0 25.0 160.0 48 6 |62 | - ]38
Up to 3/8in. mnzl. H HT |112.0 200.0 90.0 182.0 15 3 |95 | - |4l
Over3/8to lin.imcl. H HT 1050 195.0 90.0 178.0 15 S 195 | - |4l
Over | in. H HT }[100.0 190.0 90.0 175.0 15 3 ]95 |-~ 4} .
WIRE A AT | 680 178.0 280 - 160.0 as 3]~ - - .. ..
KH | %HT |102.0 190.0 82.0 175.0 10 21 - - - . .
%H | %HT |122.0 200.0 | 100.0 185.0 5 | - - - ..
XH | XHT (1420 2100 | 1200 190.0 2 1 - - - .
H HT |152.0 21201 1250 1950 ] 1 - - - . .
Note: A - Solution Heat Treated T - Precipitation Heat Treated
H — Hard texcept for tempers using M designations) AM through XHMS -~ SpeTci:l lMill l:romn; and Precipitation
reatmen
(1) As Supplied by Producer Mill (81)- Properties after Precipitation Hardening by Customer at 600F
The vaives keted shove rop oble appr irable tor gonsrel enginsering vae. Due te . vion ond
68 » ph ing b shey shouvld not be weed tor specicntion purpesss. MMASII uld'-.lmnhv—.



Cliririil ALLUTY NO. 181 (MAGNESIUM - ZIRCONIUM - CHROMIUM COPPER)

Common Fabrication Processes

Hot-rolling, hot-forging, drawing, extruding, swaging, bending, heading, machining.

Fabrication Properties

Capaaity for Being Cold Worked Excellent Suitability for being joined by:

Capacity for Being Hot Formed Excellent Soldering Excellent
Hot Forgeability Rating (Forging Brass = 100) Brazing Good
Hot Working Temperature 1450-1700 F or 790.925 C Oxyacetylene Welding.---Not Recommended
Annealing Temperature 1110-1300 F or 600-700 C Gas Shielded Arc Welding:+o-—ss=mees Good
Machinability Rating (Free Cutting Brass = 100) Coated Metal Arc Welding....cceoee e

Recammended Solution Heat Treating and Aging Cycles

Solution Heat Treated and Aged
Solution Heat Treated, Cold
Worked and Aged

The veives listed above remretent
te hae:

Resistance Welding ’

Spot --

ot Recommended
Seam..Not Recommended

Fair

Solution Treating _JLrne _Aging _Time__{ Butt
T1650-1790 750930 F 1 hr.
1650-1790 F 1 hr. 750-930 F 1 hr.

ie @ppren irebie for g 9 ing use. Due re
. ey id net be vsed tor spetiicanen purpases. See e A.S5.T.m.

releronces.

.

{Continusd on asher sude)
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- PRELIMINARY
Composition — percent ) i o
Nearest Applicable AS T M Specifications
[ M
. ___ — . ]
Copper (incl. Silver) 98.45 Wire B 624

Magnesium 0.04 0.03 0.06

Zirconium 0.18 0.05 0.30

Chromium 0.80 0.40 1.20
Physical Properties English Units €. G. S. Units
L _ _ __

Melting Point (Liquidus) 1967 F 1078 ¢
Melting Point (Solidus) - F -_— C
, Density 319 b /cu in @53 F 888 gm/cucm @20C.
Specific Gravity 8.88 8.88

Coefficient of Thermal Expansion 0.0000093 per°F from68 F to 212 F .0000167 per°C from20C 10100C

Coefficient of Thermal Expansion .0000102 per*F fromé68 F to 392 F .0000184 per*C from 20C t0200C

Coefficient of Thermal Expansion .0000107 per*F from68 F to 572 F .0000193 per*C from 20C 10 300C
- Thermal Conductivity 187 Btu/sq ft /ft /ar 'F @ 68 F 0.773 al/sqem jcm fsec *C@20C

Electrical Resistivity (Annealed) 13 Ohms (circ mil /ft )@ 68 F 2.167 Microhm<m @ 20C
Electrical Conductivity® (Annealed) 80 % IACS@68 F 0.461 Megmho<m @20C
Thermal Capacity (Specific Heat) 0.094 Btu /Ib°F @68 F 0.094 al/gm/°C @20C
Modulus of Elasticity (Tension) 18,200,000 psi .2650 Kg/sq mm
Modulus of Rigidity 6,800,000 psi 4725 Kg/sq mm
_ Typical Uses
Electrical: Switches, circuit breakers, high temperature wire, contacts, semi-conductor bases,
heat sinks, resistance welding tips and wheels.
Industrial: Continuous casting molds, fasteners, fusion energy targets, solar collectors.



COPPER ALLOY No. 181 (continusd)

Forms and Tempers
Most Commonly Used

Nominal Grain Size mm

100
070
038
013

018

Annesied Tompers

Rolieg or Drawn Tompers Obt

Tores

cyliEE B iinl 1 Infi,li
Hijs i L
§E|33r 33 833 &v : :3 |3 sli

Strip, Rolled
Stnp, Drawn
Flat Wire, Rolled
Flat Wire, Drawn
Bar, Rolled

Bar, Drawn
Sheet

Plate

ROD

WIRE

TUBE

PIPE

SHAPES

" FLAT
PRODUCTS

1. DRAWN - GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
is no real requirement for high strength or hardness on
the one hand or for bending qualities on the other.

2 HARD DRAWN temper is vsed
only where there is need for s tube
as hard or as strong as is commer-
cially feasible for the size in question.

® -

3. LIGHT DRAWN - BENDING temper is
used only where 2 tube of some stiffnens. but
yet capsbie of readily being bent (or other-
wise moderately cold worked) is needed.

Mechanical Properties Yield Strength Elonge-
\ Tensile (5% Exv ton Rockwell Sheer Fatigue
Strength | uncier Lud)l (2% Otiset}] M 2in. | Hardness |Strength Serangth
Form . "
Mitlion
ksi ki ool %
Flat - - - - - -
Products
0.04 CW 40%, 72 66 10 - - - - - -
aged
Wire 0.160 CW 60% 70 63 6 - - - - - -
0.160 Cw 60%, 75 68 11 - 80 - - - -
aged
0.08 CcwW 75% 7 66 s - - - - - -
0.08 CW 75%. 80 69 12 - - - - - -
aged :
0.08 CW 90% 73 66 4 - - - - - -
0.08 CW 90%, 8s 78 13 - - - - - -
aged .
F-9 R
The velues linted above ble aper J wable tor geners! snginsering vea. Due to 30| variations in 3 ond
L] ot e they shovid aot be vsod for it e licpbie AS.T.0. sperificmtisn retorences.




COPPER ALLOY No. 613

Composition — percent Nearest Applicable A S T M Specifications
R ]
Nomiral | Minimum | Me=imum Flat Products B169, Bi71
Copper § 927 | ..... ceee Pipe
ron | .... s Rod B150
Tin 3 .20 .50 Shapes
Aluminum 7.0 6.0 8.0 Tub
Manganese .50 ube
Nickel .50 Wire
.Copper + Elements
with Specific Limits 99.5
Physical Properties L English Units C.G.S. Units
L~ "~ " R o
Melting Point (Liquidus) 191S F 1045 C
Melting Point (Solidus) 190s F 1040 C
Density .287 b fcu in w68 F 7.95 gm jcucm @ 20 C.
Specific Gravity 795 7.95

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity ( Annealed)
Electrical Conductivity® (Annealed)
Thermal Capacity (Specific Heat)
Modulus of Elasticity (Tension)
Modulus of Rigidity

*Volume Basis

32 Btu /sq ft /ft /hr /°F @ 68
86.8 Ohms (circ mil /ft )@ o8 F
12 £ IACS %« 68 F

per*F fromo8 F to 212 F
per*F fromés F to 392 F
0000090 per*F from 68 F 10 §72 F

per®C from 20C to 100 C
per*C from 20C 0 200C
per*C from 20 C to 300 C

F A3 cal fsq em /em [sec 1°C @ 20 C
14.4 Microhm~m @ 20 C

.070 . Megmho~m f 20 C

0000162

09 Biu/lb*F w68 F 09 cal ;gm /*C @ 20C
17,000,000 psi 12,000 Kg /sq pm
6,400,000 psi 4,500 Kg /sq mm
Typical Uses
HARDWARE: Nuts, bolts
INDUSTRIAL: Corrosion resistant vessels, tanks.
components, machine parts, piping
systems, heat exchanger tube
MARINE: Protective sheathing and fasteners
MUNITIONS:  Blending chambers, mixing troughs

Common Fabrication Processes

Blanking, drawing, forming and bending, cold heading, roll threading, welding

Capacity for Being Cold Worked
Capacity for Being Hot Formed

Hot Forgeability Rating (Forging Brass = 100)

Hot Working Temperature
Anncaling Temperature

Machinubility Rating (Free Cutting Brass = 100)

Fabrication Properties

The valves linted sbove resretens

te .

ble @approsi ble for general enginser.ng

- Thay shauld not be vied for specilication purpeses. See applicable A 3.7 .M. ipeciiicotion references.

1Continued vn other sude)

................... Good sUltub""y for be.’n‘ joi'ed by
------------------- Good Soldering................... Not Recommended
--------- 50 Braztng .................cc..vueeen.... Fair
1450-1700 F or. 800-925 C Oxyacetylene Welding .. ...... Not Recommended
1125-1600F or 600-875 C Gas Shiclded Arc Welding - ...« ......... Excellent
........ 30 Coated Metal Arc Welding .-.............. Good
Spot ... ...l Good
Resistance Welding Seam ...........o..... Good
Butt ....iiiiiiie... Good

F-10
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COPPER ALLOY No. 613 (Continued)

Forms and Tempers Annesied

Most Commonly Used

Stnp, Rolled
Sinp, Drawn
Flat Wire. Rolled
Flat Wire, Drawn
Bar. Rolied
Bar, Drawn
Sheet

Plate

ROD
WIRE
TUBE
PIPE
SHAPES

FLAT
PRODUCTS

1. DRAWN - GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
i3 no real requurement for high strength or hardness on
the one hand or for bending qualities on the other.

Nomina! Grain Siz0 mm

Tompers

2. HARD DRAWN temper is used
only wherse there is need for a tube
as hard or as strong as is commer-
cially feasible for the size in question.

Rohed or Drawn Tempen

Finished
Tompers

3. LIGHT DRAWN - BENDING temper is
uscd only where a tube of some stiffpess, but
yet capable of resdily being bent (or other-
wise moderately cold worked) is needed.

Mechanica! Properties Yield Strength Elongs-
VYorsile | (5% Ent. ton Rockweti | Sheer Fatigue
Size Suength | under Load)| (2% Otfset]] M2in. | Mardness |Strength Sirangth
Section Tomper -
Million
n. hsi si ksi % [ 3 I'. I”T kei ksi I Cvelu
FLAT 125in. | Soft Anneal,....... 80.0 400 cee 40 - 82 -] 520 ] 28.0 100
PRODUCTS .5001n. | Soft Anneal........ 78.0 35.0 42 - 8] -] 500 | 260 100
1.0 in. Soft Anneal........ 76.0 330 42 - 79 -| 450 1 250 100
30in. Soft Anneal........ 70.0 30.0 40 - 78 -] 420 | 21.0 100
ROD .500in. | Hard (25%)........ 85.0 58.0 35 - 91 -] 480
1.01n. Hard (25%)........ 820 55.0 as - 9 -} 450
20in, Hard (25%) ........ 80.0 48.0 35 - 88 -] 400.
F-11
The veives hited sbove represent ble sppres . ble for gonerel engineering vae Oue vo ¢! vor - ond
2] [ . thay should ne' be wied tor specituonen purpesss. Soe heable 4.3 T.m. F reloronces.
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COPPER ALLOY No. 715 (coPPER NICKEL. 30%)

Composition — percent

Nearest Applicable A S T M Specifications

M.M u“im“m “IM m
o 69.5 Flat Products B122,B151,B171, B402, B432
ppes . cees
Lesd | ... ) L 05 Pipe | B4c6, Bde?
Iron 5 .40 D Rod | BISI
Zinc crnene PR 10 sh.”.
Nickel 30 290 330
Manganese 1.0 Tube B111, B339, B39S, B466, B467,
Copper + Elements B543,B5s2
arith Specific Limits e 99.5 Wire

Physical Properties l Enyish Unins l € G.S.Unin

Melting Point (Liquidus)

Melting Point (Solidus)

Density

Specific Gravity

Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Coefficient of Thermal Expansion
Thermal Conductivity

Electrical Resistivity (Annealed)
Electrical Conductivity® (Annealed)
Thermal Capacity (Specific Heat)
Modulus of Elasticity (Tension)
Modulus of Rigidity

® Yolume Basis

2260 F
2140 F
323 Ib/cu in @68 F
8.94
per°F from68 F to 212 F
per*F from68 F to 392 F
0000090 per°F from68 F to S72 F
17 Btu/sq ft /ft /hr /['F @ 68 F
225 Ohms (circ mil /It ) @68 F
46 HIACS@68 F
09 Btu/Ilb’F @68 F
22,000,000 psi -
8,300,000 psi

Typical Uses

1240 C

1170 C

8.94 gm /cucm @20C.

.94
per*C from20C to 100 C
per*C from20C 10200C

0000162 per*C from20C to 300C

07 cal /sq cm Jem [sec *C@20C
37.8 Microhm<m @20C
0267 Megmho<m @20C
09 al/gm/*C @20C
15,500 Kg /sq mm
5,800 Kg /s3q mm

INDUSTRIAL: condensers, condenser plates. distiller tubes, evaporator
and heat exchanger tubes, ferrules, salt water piping

Common Fabrication Processes

Forming and bending, welding

Fabrication Properties

Capacity for Being Cold Worked . ................ Good Suitability for being joined by :
Capacity for Being Hot Formed ................. Good Soldering. nuoa _____ y ,,,,,,,,,,,,,,, Excellent
Hot Forgeability Rating (Fomnl Brass=100) ........... BIAZING . .vovvrinrrnnneen nnrnnnn. Excellent
Hot Working Temperature vv..1700-1900F or 925.1050C Oxyacetylene Weiding ................... Good
Annealing Temperature . .. . .. 1200-1500F or 650- 825C Gas Shielded Arc Welding ............. Excellent
Machinability Rating (Free Cutting Brass = 100) ........ 20 Costed Metal Arc Welding ............. Excellent
Spot  ......iciiienn. Excellent
Resistance Welding Seam ............... Excellent
Butt ............... Excellent
F-12
itable for generel ongineering vse. Due te ond

The vaives Guied sbeve represent

%o orartactering |

M-h-uldnmh-d!uw-nm ln-’hnbhAll.A.-udﬂuﬂ-udm

(Continaed on ethor side)
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- COPPER ALLOY No. 715 (continued)

Annssled Tempen

Rolad or Drawn Tompers

° Forms and Tempers
Most Commonly Used

Strip, Rolled
Strip, Dnawn
Flat Wire, Rolled
Flat Wise, Drawn
Bar, Rolied
Bar, Drawn

FLAT
PRODUCTS

1. DRAWN - GENERAL PURPOSE temper is used
for general purpose tube only, usually where there
is no real requirement for high strzength or hardness on
the onc hand or for bending qualities on the other.

Nomina! Grein Bise mm

2. HARD DRAWN temper is used
only where there is need for a tube
as hard or as strong as is commer-
cially feasible for the size in question.

Pinished
Tompers

............
.............
............
.............
............
.............

.......
............
............
.............
.......

3. LIGHT DRAWN - BENDING temper &
used only where a tube of some stiffness, but
yet capable of readily being bent (or othes-
wise moderately cold worked) is needed.

Mechanical Properties Yield Strength Elongs-
Tonsile | (5% Em. tion Rockwell | Sheer Fetigue
Size Srrength | under uu»' (2% Otfest)] M 2in. | Mardness | Strength rongth
Form Section Tomper Mittion
in. hsi ksl &si % elelsor] & ki Cycim
FLAT .
PRODUCTS 1.0 in. As Hot Rolled . . ... 55.0 20.0 45 |- 35 -
TUBE J10inOD|025Smm ......... 60.0 25.0 45 |80 45 -
X .06S in
45inOD|035Smm ......... 540 45 177 36 -
X .1091n
ROD §1.0in. Half Hard (20%).... | 75.0 70.0 1S |- 80 -
'h--ohmlli-'dh_m oble oper ‘ svwbie for g ing ves. Dve %o ! varigts [ Mion end
b L shoy shovid 2o be wead for epetitiew poses. Soe licgble AS.1.M. spadhcavion reloranses.
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Table 1. Waste package design requirements and desirable design features.

A. Waste package design requirements derived from NRC 10 CFR 60 and 10 CFR 71

Waste packages shall be designed to do the following:

1.
2. Maintain a release rate less than 105 per year of the radionuclide inventory present at 1000 years.

3.

4. Control criticality so as not to exceed an effective multiplication factor (k.y) of 0.95 uniess more than two unlikely changes

10.
11.

Contain the waste for 300 to 1000 years.
Maintain retrievability for 50 years after emplacement of the first waste package.

occur.
Maintain temperatures below limits of the waste forms, which are 773 K (500°C) for WV/DHIW glass, 673 K (400°C) for
CHLW glass, and 623 K (350°C) for spent fuel cladding.

Prevent release of radioactive material in excess of applicable federal and state standards after a drop test of two times the
waste package length onto an unyielding surface, at the minimum anticipated temperature.

Prevent release of radioactive material in excess of applicable federal and state standards after sustaining a 1073 K (800°C),
30-minute fire test.

Prevent release of radioactive material in excess of applicable federal and state standards under expected loads during or
after transportation, handling, emplacement, retrieval, and seismic events. Further, these loads must not compromise long-
term performance.

Retain legible, externally labeled identification as long as retrievability is required.

Meet federal regulatory requirements for transportation of high level nuclear waste.

Meet requirements with consideration for cost-effectiveness, including direct package costs and related repository system
costs through the operational period.

B. Desirable waste package design features

Waste package designs will do the following:

1.
2. Emphasize simplicity and ease of fabrication.

3. Be technically conservative.

4.

5. Be compatible with all waste processing, transportation and emplacement operations.

Use standardized components whenever possible.

Use conventional materials and fabrication techniques.







